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PREFACE 



BY PROFESSOR LIEBIG. 



Dr. Fresenius conducts the course of elementary in- 
struction, in mineral analysis, in the laboratory of the 
University of .Giessen. During the two last sessions he 

has followed the method djascribed in his work, entitled^ 

.'J 

" Elementary Instruction in Qualitative Chemical Analy- 
sis." This metliod I can confidently recommend from my 
own personal experience to all who are desirous of obtain- 
ing instruction in inorganic analysis, for its simplicity, 
usefulness, and the facility with which it may be appre- 
hended. 

I consider Dr. Fresenius' work extremely useful as an 
introduction to Professor H. Rose's excellent manual, and 
for adoption in institutions where practical chemistry is 
taught, but it is especially adapted to the use of Pharma- 
ceutical Chemists. 

Further, a number of experiments and discoveries have 
been recently made in our laboratory, which have enabled 
Dr. Fresenius to give many new and simplified methods of 
separating substances, which will render his work equally 
■welcome to 'those who already are fsuniliar with tlie larger 
-works on inorganic analysis. 

JUSTUS LIEBIG. 



EDITOR'S PREFACE. 



This work of Dr. Fresenius has already gone through 
two editions in Germany. The abundant opportunities 
enjoyed by its author of discovering the wants felt by stu- 
dents in entering upon the practice of chemical analysis 
and his position in the school at Giessen^ has enabled him 
to devise a mediod of study of the highest value. That it 
has received the approbation of the illustrious hbad of that 
school, and the benefit of three years' practical experience 
under his immediate observation^ must powerfully recom- 
mend it to the English student of chemistry. Whoever 
is desirous of obtaining the knowledge necessary to become 
a practical chemist, will be in no small degree indebted to 
Dr. Fresenius for the faciUties thus afforded him. Every 
one who knows any thing of Giessen, will bear testimony 
to the rigid economy of time, and the resolute adoption of 
every improvement in method which characterise that 
school, and serve to accompUsh the many chemists annu- 
ally flocking there for the completion of then: studies. The 
author, in his preface to the first edition, tells us that he 
was led to compose this volume upon perceiving that the 
larger works on chemical analysis, such as H. Rose's, 
Duflos', and others, although admirable in themselves, 
present great difficulties to beginners, which difficulties 
may be summed up under three heads ; 1st, Too great 
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copiousness and detail ; 2dy The absence of explanations 
of the causes of phenomena, i. e. the theory of the v opera- 
tions and reactions ; and 3d, The omission altogether of 
many substances of very frequent occurrence, especially 
in the operations of the pharmaceutist, such as the or* 
ganic acids, &c. 

In avoiding these objections to former works on chemical 
analysis, Dr. Fresenius, I think, is not chargeable with 
having fallen into the opposite extreme of bdng too con- 
cise or elementary. 

The student may, perhaps, at first be diaappointod in 
taking up this work, to find that there are no tables con- 
Btructed to furnish him at a glance with all he is desirous 
to know of tests and reactions, and to save him, as he 
may think, trouble and time. But this has not arisen 
from oversight ; die question of the advantage or distdr 
vantage of tables to the student has been fiilly consideredy 
and the author has decided — ^and the decision is borne out 
by the highest authorities^-r^that such tables serve no really 
good purpose ; they rather, on the contrary, supply but 
very superficial information, and satisfy the student befc»re 
they have really informed him. The information contaio^ 
in this wori£, like every other professing to teach apracticid 
science, requires application and perseverance to attain ; 
but if begun at the beginning, if the student will carefully 
go over the necessary preliminary facts, the examinaliosi 
of his tests, and the reaction of the simple bodies consecur 
tively, and make himself master of this v^ry simple and 
elementary part of the course, he will find few or no 
difficulties when entering upon the more elaboorate, and^ — 
what mi^t appear, without this preparation — complex and 
intricate processes of the second partt the analysis cf pom- 
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pound bodies. It is altogether another question whether 
the student should or should not exercise himself and his 
memory by tabulating the results of his experiments as he 
proceeds ; and to this question we reply in the affirmative : 
but it must be left to individuals to act in this, according 
to their own judgment,' and their own feeling of its neces- 
sity. 

In the preface to the Second Edition, Dr. Fresenius tells 
us that his work has met with much success, having been 
adopted in the Pharmaceutical Institution of Bonn, &;c., 
as well as in the laboratory of Giessen ; and that he has 
improved it by many corrections and additions. 

For my own part, I may be allowed to observe that the 
English edition was undertaken -by the express desire of 
Professor Liebig, who kindly recommended its being en- 
trusted to my care. The author has supplied me with 
many corrections, and some additions, and the hope is 
shared by us in common th^t it will facilitate the study of 
analytical chemistry to the English student, and in every 
way serve to promote the interests of the science. 

J. LLOYD BULLOCK. 
23, CondttU Street^ Oct. 1, 1843. 
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ELEMENTARY INSTRUCTION 

IN 

QUALITATIVE CHEMICAL ANALYSIS. 



PRELIMINARY REMARKS. • 

DEFINITION, DESIGN, AND UTILITY OP QUALITATIVE 

CHEMICAL ANALYSTS) AND CONDITIONS WHEREON ^ 

SUCCESSFUL STUDY OF THIS SCIENCE DEPENDS. 



Chemistry is that science which teaches us the knoW'* 
ledge of tlie elements of which our earth consists, their 
composition and decomposition, and, in generali their re- 
lation to each other. A special branch of this science is 
designated by the name of analytical chemistry ^ inasmuch 
as it has a defuiite object in view, yiz., the analysis of com- 
pound bodies, and the determination of their constituent 
parts. If this determination of the constituent parts merely 
refers to their nature^ the analysis is called qualitative; 
but if the quantity of every single element is to be ascer- 
tained, the analysis is called quantitative. The object of 
the first, therefore, is to exhibit the constituent parts of aoi 
unknown substance in forms already known^ so that these 
new forms admit of safe inferences as to the presence of 
the single elements. The value of its method depends or 
two circumstancesi viz. it must attaih the object in view 
infallibly, and in the quickest possible manner. WhereaSf 
it is the object of quantitative analysis, to exhibit those 
elements rendered manifest by qualitative investigation, Ih 
such forms as admit of an exact determination of their 
amount 
I 
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The ways and means by which these vanoiiy objects 
are attained, differ, of course, materially from each other. 
The study of qualitative analysis must, therefore, be 
separated from that of quantitative analysis, and, as a mat- 
ter of course, must precede it. ' 

After having thus generally defined the meaning and 
objects of qualitative analysis, we must now shortly con- 
sider, in the first place, the prehminary information which 
qualifies students to cultivate this science successfully, the 
rank which it occupies in the department of chemistry, the 
objects to which it extends, the advantages derived from 
it ; ^d, in the second place, the main points whereon its 
stuoy is based, and the principal branches into which it is 
distributed. 

In order to enter with any prospect of success upon 
qi^ilative experiments, the student must previously have 
acquired some knowledge of the chemical elements,, and of 
their most important combinations, as well as of the princi- 
ples of chemistry generally, together with a certain readi- 
ness in the apprehension of chemical processes* This 
practical art demands, moreover, strict order, great neat- 
ness, and a certain degree of skill in manipulations^ If 
the pupil combines with these qualifications a habit, in aU 
cases in which phenomena contrary to experience appear, 
of imputing, first the fault to himself, or rather to the ab- 
sence of some condition or other indispensable to the suc- 
cess of the experiment, — and a firm reliance on the immi:^- 
tability of the laws of nature cannot fail to create this habit, 
—he possesses every requisite to render his study of 
analytical chemistry successful. 

Now, although chemical analysis is based on general 
chemistry, and cannot be cultivated without some know- 
ledge of the latter, yet, on the other hand, we must con- 
sider it also as a kind of comer stone, upon which the en- 
tire structure of this science rests ; for it is almost of equal 
importance for all branches of theoretical, as well as of 
practical chemistry ; and we need not expatiate here on 
the utility and advantages which the physician, the apo- 
thecary, die mineralogist, the rational iaimer, the artisan^ 
and many others, derive from it. 
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This alone would be a s\ij£cient reason to recommend 
a thorough and diligent study of this science, if even its 
cultivation possessed none of those attractions which, I 
may safely assert, vdthout fear of contradiction, it must of 
necessity possess for every one who devotes himself zeal- 
ously and ardently to its acquisition. For the human 
mind is constantly striving for the attainment of truth ; it 
delights in the solution of enigmas, and where do we meet 
with a greater variety of problems, of more or less diffi- 
cult solution, than in the province of chemistry? But as 
a problem, an enigma, for which, after long pondering, we 
can find no solution, wearies and discourages the mind ; 
so, in like manner, do all chemical investigations, if the 
object in view be not attained, if our results do not bear 
the stamp of truth, — of unqueslionable certainty. A half- 
knowledge is therefore, in every province of science, but 
principally here, to be considered worse than no knowledge 
at all, and the student must, therefore, be especially warn- 
ed against a mere superficial cultivation of chemical 
analysis^ 

A qualitative experiment may be made with a twofold 
view, viz. either, 1st, to prove that some definite body or 
other is or is not. contained in a substance, e. g. lead in 
wine ; or, 2d, to ascertain all the constituents of a chemi- 
cal combination or mixture. Any substance, whatever 
may, of course, become the object of chemical analysis. 

In the present work, however, we purpose to confine our- 
selves to those elements and combinations which are 
employed in pharmacy, arts, and trades, and understand 
thereby the following : 

I. Base''. 

Potash^ Sodtty Ammoniay Barytes, Strontian, Lime, 
Magnesia^ Alumina^ Oxide of Chromium^ Oxide of Zinc^ 
Protoxide of Manganese^ Protoocide of Cobalt, Oxide of 
Nickel, Protoxide of Iron, Peroxide of Irpn, Oocide of 
Cadmium, Oxide of Lead, Oocide of Bismuth^ Oxide 
of Copper, Oxide of Silver, Protoxide 6f Mercury, Pe- 
roxide of Mercury, Oxide of Platinum, Oocide of Gold, 
Protoocide of Tin, Peroxide of Tin, Oodd^ of Anti- 
mony. 
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II. Acids. 

Sulphuric Acidj Nitric Acid^ Phosphoric Acid, Ar^ 
senious Add, Arsenic Acid, Boracic Acid, Carbonic Acid, 
Chromic Acid, Chloric Add, Silidc Add, Oxalic Acid, 
Tartaric Add, Paratartaric Add, Citric Acid, Malic 
Add, Benzoic Add, Sucdnic Acid, Acetic Add, Formic 
Add. 

III. Salt-radicals, and non-metallic substances. 

Chlorine, Iodine, Bromine, Cyanogen, Fluorine, Sul* 
phur, Carbon* 

The study of qualitative analysis depends principally 
on four points, viz. 1st, on the knowledge of operations ; 
2d, on that of reagents and of their application; 3d, 
on that of the relation of bodies to reagents ; and 4th, on 
that of the systematic course to be pursued in every ex^* 
periment 

Chemical analysis, therefore, requires not only theoreti- 
cal knowledge, but also practical skill ; and it is obvious 
that a mere speculative study of it can no more lead to 
success, than experimenting at random ; but in order to 
obtain satisfactory results, theory and practice must be 
combined. 



CHAPTER I. 

OPERATIONS. 

§ 1. 

The operations of analytical and synthetical chemistry 
are essentially the same, modified however to a certain ex- 
tent, according to the object we have in view, and the 
quantities upon which we operate. 
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The following are the principal operations employed ia 
qualitative investigations. 

§ 2. 

1. SOLrTION. 

The general meaning of " solution" is *' the combina- 
tion" of a gaseous, liquid, or solid substance, with a fluid, 
forming a homogeneous liquid. But we call the solution 
more properly absorption when the dissolved substance is 
gaseous ; and when Uquid, the term mixture or intermix' 
ture is more frequently made use of. The term solution, 
in its usual and more restricted sense, is confined to the 
perfect union of a soUd substance with a fluid. The 
more minutely we divide the substance to be dissolved, 
the more we facilitate its solution. The liquid, by means 
of which the solution is efiected, is called the solvent. We 
call the solution chemical^ if this solvent forms a chemical 
combination with the substance dissolved j simple^ if no 
definite combination takes place. 

A simple solution contains the dissolved body in a free 
and unconnected state, and with all its original properties, 
except diose dependent on its form and cohesion ; and 
when it separates from the solvent in the same unaltered 
state, as soon as the latter is withdrawn. Common salt 
dissolved in water is a familiar instance of a simple solu- 
tion. The salt here imparts its pecuUar taste to the water, 
and on evaporating the latter, we re-obtain common salt in 
its original form. A simple solution is called saturated 
when the solvent has received as much as it can hold of 
the substance to be dissolved. But as fluids, on an aver- 
age, dissolve larger quantities of a substance, the higher 
their temperature, the term saturated can only refer to a 
certain temperature; and it must be considered a. rule, that 
elevation of temperature facihtates and accelerates simple 
solution. 

A chemical solution contains the substance dissolved, 
not in the same state nor with the same properties as be- 
fore; the dissolved body is no longer free, but intimately 
combined with the solvent, which latter has likewise lost 
its original properties ; the result of this combination has 
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been the formalion of a new bodj^ the solution, therefore, 
now manifests the properties of this newly-formed sub- 
stance. A chemical solution, too, may certainly be ac- 
celerated by elevation of temperature, and this is indeed 
usually the case, as heat generally promotes the action of 
bodies upon each other. But the quantity of the dissolved 
body remains always the same, in proportion to a given 
quantity of the solvent, whatever may be the difference of 
temperature ; their combining proportions are invariable, 
and independent of the gradations of temperature. 

In chemical solution, the solvent and the body, on which 
it acts, have always opposite properties, and tlieir tendency 
is mutually to neutralize these opposite properties. Fur- 
ther, solution ceases as soon as this tendency is satisfied ; 
if we add more of the solid body it remains unaltered. 
The solution in this case also is called saturated, or more 
properly neutralized, and the point which denotes it to be 
completely so, is qalled the point of saturation or neutrali- 
zation. The substances by means of wjiich chemical so- 
lutions are effected, are, in most cases, either acids or 
alkalies. They all require, first, a simple solvent to be 
converted to the fluid state. When the opposite properties 
of acid and base have mutually neutralized each other, 
and the new combination has been formed, the real con- 
version into fluid form takes place, only, if the product of 
this new combination possesses the property of forming a 
simple solution with the liquiil present : e. g. when an 
aqueous solution of acetic acid is brought into contact 
with oxide of lead, there ensues, first, a chemical combina- 
tion of the acid with the oxide, and then a simple solution 
of the thereby produced acetate of lead, in the water of the 
menstruum. 

Crystallization and precipitation are the reverse of so- 
lution, as they have for their object the conversion of a 
fluid or dissolved substance into the solid state. As both 
depend on the same cause, viz. on the absence of a sol- 
vent, it is impossible to assign exact limits to either, and 
in many cases they merge into each other. We must, 
however, consider them separately, since they essentially 
differ, as well in their extreme forms, as, in most cases, 
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in the special objects we purpose to attaia by their appli- 
cation. 

J 3- 

2. CRYSTALLIZATION* 

We understand by the term crystallization, in a more 
general sense, every operation, every process in which 
bodies pass from a nuid to a solid state, assuming certain 
regular, determinate, geometrical figures. Bat, as these 
figures, which we call crystals, are the more regular, and 
consequently the more perfect, the more slowly the opera- 
tion is carried on, we always connect with the term " crys- 
tallization," the accessary idea of a slow separation, — of a 
gradual conversion to the solid state. The formation of 
crystals depends on the regular arrangement of atoms ; it 
can only take place if these atoms possess perfect free- 
dom of motion, and thus, generally, only when a substance, 
from the fluid or gaseous, changes to the solid state. 
Those cases, in which it is suflScient merely to heat or to 
soften a solid body, to induce crystallization, must be con- 
sidered as exceptions, — as, e. g. barley-sugar becoming 
lyhite and opaque, or crystallizing, when moistened. 

To induce crystallization, we must remove the causes of 
the fluid or gaseous form of a substance. These causes, 
are either — heat dloney e. g. in metals in fusion, ox sol- 
9)ents alone, as in an aqueous solution of common salt ; 
or both combined^ as in a hot and saturated aqueous solu- 
tion of nitre. In the first instance, we can obtain crys- 
tals only by cooling the substance we wish to crystallize ; 
in the second, only by evaporating the menstruum ; and in 
the third, by either oi these means- The most frequently 
occurring cases of crystallization are those by means of 
cooling hot ard saturated solutions. The liquors which re- 
main after the separation of the crystals, are called mother 
waters- The term, amorphous bodies, is applied to such 
«oliil substances as have no crystalline form. 

We cause crystallization to take place, generally, either 
to obtain the substance crystallized in a solid form, or to 
separate it from other substances dissolved in the same 
cien^truum. 
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5 4. 

3. PRECIPITATION. 

This operation differs from crystallization inasmuch as 
in precipitation the substance dissolved is converted to the 
solid state, not in a slow and gradual manner, but sud- 
denly ; it is a matter of perfect indifference, as regards the 
application of the term precipitation to the proce»s,-whether 
this substance is crystalline or amorphous- ; whether it 
gravitates to the bottom of the vessel, or whether it as- 
cends or remains su&pended in the liquid. We may cause 
precipitation to take place, either, 1 st, by modifying the 
solvent ; — thus sulphate of lime (gypsum) separates im- 
mediately from its solution in water, if this water, by the 
addition of alcohol, is converted into diluted alcohol ; or 
2d, by separating some substance insoluble in the men- 
struum ; — thus, if ammonia be added to a solution of sul- 
phate of alumina, ^Q|/composition of this latter salt takes 
place, and alumina, not being soluble in water, is precipi- 
tated. Precipitation takes place also when, by the action 
of simple or compound chemical affinity, new combina- 
tions ensue which are insoluble in the menstruum ; thus 
oxalate of lime precipitates on adding oxalic acid to a solu- 
tion of acetate of lime ; chromate of lead on mixing chro- 
mate of potash with nitrate of lead. In decompositions of 
this kind, induced by simple or compound affinity, one of 
the new combinations generally remains in solution, and 
the same is sometimes the case with the substance separ- 
ated, — ^thus in the instances just mentioned, the sulphate 
of ammonia, the acetic acid, and the nitrate of potash, re- 
main in solution. Cases may, however, happen, where 
both products precipitate, so that nothing remains in solu- 
tion, e. g. when a solution of sulphate of magnesia is mix- 
ed with water of barytes ; or a solution of sulphate of 
silver with chloride of barium. 

Precipitation is applied to the same purposes as crys- 
tallization: either, 1st, to obtain a substance in a solid 
form; or 2d, to separate it from other substances dis- 
solved in the samesanenstruum. But in qualitative analysis 
we employ this operation especially, in order to detect 



fluhstanees by the colour, and the properties and relations 
in general, which they exhibit when precipitated, either 
alone or in combination with other substances. The solid 
body separated by this process, is called predvitaie^ and 
the substance, which is the immediate cause of this sepa- 
ration^ i« termed \\xq precipitant. For the sake of a more 
particular designation, we apply yarious terms to precipi- 
tates, according to their dijQferent nature ; thus we distin* 
guish crystalline, pulverulent, flocculent, curdy, gelatinous 
precipitates, &c, &c. 

The term turbid is made use of, when a precipitate is 
in a state of such minute division, and so small in quan- 
tity, that its particles cannot be clearly distinguished, and 
that the fluid in which it is suspended merely appears 
troubled. We may generally promote the separation of a 
precipitate by strongly agitating the menstruum, as well 
as elevating its temperature. The vessels used for the. 
purpose of precipitation, must, therefore, admit of either 
of these operations* In qualitative analysis we principally 
make use of tubes of thin glass, closed at the bottom, such 
as are usually called test-tubes, or test-cylinders. Beside 
the advantages just mentioned, they permit the experi- 
mentalist closely to inspect the whole process, as well as 
the colour of the liquids and precipitates, and to expwi- 
mentalize with very small quantities. 

Two different operations, according to circumstances, 
are employed in analysis, in order mechanically to sepa- 
rate a fluid from matter suspiended therein,, namely, "^- 
tratiouj^ and ^ decantatiori' 

§ 5. 

4. FILTRATION. 

We purify liquids, by means of this operation, in pour- 
ing the fluid from which we wish to remove the mechani- 
cally-suspended solid particles,, on a filter, for which 
purpose we usually employ unsized j)aper, supported by 
a funnel ; for an apparatus of this description allows the 
liquid to trickle through with ease ; a/id, on the other hand, 
completely retains the solid particles. We use smooth 
1* 
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• 

filters and plaited filters : the former, in such cases \vhere 
the defiltrated solid substance is to be made use of ; the 
latter, when we merely wish to clear the solution. Smooth 
filteis are produced by folding a circular paper doubly to- 
gether, so that the folds form right angles. The prepara- 
tion of plaited filters is more properly a matter for ocular 
demonstration than for description, In minute operations, 
care should be taken that the filters do not reach over the 
brim of the funnel. It is in most cases advisable to moisten 
the filter previous to use, because then, not only the filtra- 
tion proceeds more rapidly, but the solid particles of the 
substances to be filtered are less liable to pass through the 
pores of the filter. The paper selected for the purpose of 
filtration, must be as free as possible from inorganic sub- 
stances, especially iron and lime. It is advisable to have 
always two sorts on hand, one of greater density for the 
separation of very minute precipitates, and one of greater 
porosity for the speedy separation of grosser particles. 
The funnels must be either of glass or of porcelain. 

$ 6. 

5. DECANTATION. 

This operation is frequently made use of instead of fil- 
*tration, if the solid particles to be removed are of consider- 
ably greater specific gravity than the liquid in which they 
are suspended. They in such cases speedily gravitate to 
the bottom, and are deposited there, so that it becomes 
easy, either to decant the supernatant liquid by sim- 
ply inclining the vessel, or to remove it by means of a 
syphon. 

In such cases where we employ these operations (filtra- 
tion or decantation) in order lo obtain the solid substance 
out of the liquid in which it is suspended, we must after- 
wards free this substance by repealed washing or rinsing 
from the liquid still adhering to it. This operation is 
termed edulcoration or rinsing. In order to edulcorate a 
precipitate collected on a filter, we most frequently make 
use of the syringe bottle, — a glass vessel, stopped with a 
perforated cprk, into which a small glass tube is adapted, 
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^rawn out at the top into a fine point. If air be blown 
through this tube, into the flask, and, when the air is suffi- 
<:iently compressed, the flask be reversed, so that the inner 
aperture of the tube comes under water, a minute stream 
of water is expelled, peculiarly adapted to the rinsing of 
precipitates. 

There are four operations by means of which we sepa- 
rate volatile substances from less volatile or from fixed 
bodies, vi2. EVikPORATioN, msTiULiATioN, ROASTING, and 
SUBLIMATION. The two former of these operations always 
refer to fluids, the two latter only to solids. 

5 7. 

6. EVAPORATION. 

This is one of the most frequently-employed operations. 
We have recourse to it when a volatile fluid is to be sepa- 
rated from another less volatile, or from a fixed substance, 
(either fluid or solid,) if by this separation we only intend 
to obtain this residuary substance, without heeding the 
evaporating substance. Thus, evaporation serves, for in- 
stance, to remove from a saline solution part of its water, 
in order to induce the salt to crystallize, or, also, to re- 
move all the water from the solution of an uncrystallizable 
substance, so as to obtain this latter in a solid form, &c. &c. 
The evaporating water is entirely disregarded, in either of 
these cases, and the only object in view is to obtain in the 
former case a more concentrated fluid, and, in the latter, 
a dry substance. These objects are always attained by 
converting the fluid to be removed, into the gaseous state ; 
in ordinary cases, therefore, by exposing it to heat ; some- 
times, also, by leaving the fluid for a certain time, in con- 
tact with the atmosphere, or in confined air, constantly kept 
dry by hygroscopic substances ; or, in many cases, by 
placing tlie fluid in a rarified air, with the simultaneous 
application of hygroscopic substances. The heating pro- 
cess is conducted either over a free fire, (coal-fire or flame 
of spirits of wine,) or in the sand-bath, or by means of 
steam, (in the water-bath,) &c. &c. Concentrated sul- 
phuric acid and slaked lime, and also chloride of calcium. 
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are used as the cheapest and most efficient hygroscopic 
sub8tan<:es. The vessels used in evaporation are of por- 
celain, glas«, platinum, or silver, and have usually the 
shape of a, shallow basin. 

§8. 

7. DISTILLJLTIOIf* 

This operation has for its object the separation of a vol- 
atile liquid from a less volatile or fixed substance, either 
soUd or fluid, and the recovery of the evaporating fluid. 
In order to attain this object, it is necessary to reconvert 
the liquid from the gaseous form in which it evaporated, 
into the fluid state. A distilling apparatus, therefore, con- 
sists of three parts, whether separated from each other or 
not, is quite indifferent. These three parts are, — 1st, a 
vessel in which the liquid to be distilled is heated, and 
tlius converted into vapour; 2d, an apparatus in which 
this vapour is cooled again or condensed, and thus recon- 
verted to the fluid state ; and 3d, a viessel which receives 
the distilled fluid. In distillation on a small scale, we 
generally employ small glass retorts and receivers, but in 
the distillation of large quantities, either a metallic appa- 
ratus, — a copper still with helmet, and condensing tube of 
pewter, or large glass retorts. 

§ 9. 

8. ROASTING* 

Koasting is, in a certain measure, for solid bodies, what 
evaporation is for fluids ; for the object to which we ap- 
ply it is, (at leaist generally,) the separation of a volatile 
substance from a less volatile, or from a fixed body, mere- 
ly for the purpose of purifying this latter residuary sub- 
stance. Roasting always presupposes the application of 
a high temperature, and in this it differs from exsicca- 
tion. The form or state which the volatilized substance as- 
sumes on cooling, is a matter of perfect indifference as to 
the name of the operation* 

This is the usual design in the application of roasting. 
In some instances, however, substances are heated merely 
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for the purpose of modifying their state, without any vola- 
tilization taking place ; e. g. in the conversion of oxide of 
chromium into its insoluble modification, &c. &c. Cruci- 
bles are the vessels noade use of in roasting. In analytical 
experiments we select, according to the substances to be 
heated, either porcelaui, or platinum^ or silver crucibles. 
In operations on a large scale, we employ either hessian 
or black-lead crucibles. The necessary heat we obtain 
either from a c6al-fire> or in experiments on a small scale, 
most usually by means of aBerzelius spirit-lamp. 

y 10. 

9. SUBLIMATION 

Is that operation, whereby solid bodies are converted in- 
to vapours by the application of heat, and condensed again, 
by cooling, to a solid state ; the substance thus volatilized 
and recondensed is called a sublimate. Sublimation is 
consequently a distillation of solid bodies. We generally 
employ this process for the separation of substances of 
different degrees of volatility. Its application is of the 
highest importance in analysis, for the detection of divers 
substances, e. g. of arsenic. The vessels used in sublima- 
tion are of various shapes, according to the different de- 
grees of volatility of the substance we have to operate upon. 
In sublimation for analytical purposes we generally em- 
ploy glass tubes closed at both ends. 

§ 11. 

10. SMELTING AND FLUXING. 

We designate by the term " smelling," the conversion 
of a solid substance into a fluid form, by the application of 
heat, and apply this operation generally to the purpose 
either of combination or of decomposition of bodies. The 
term " fluxing" is applied to this process in such cases 
where a substance, either insoluble or difficult of solution 
in water and acids, is, by being fused with some other body, 
modified or decomposed in such a manner, that the former 
or its new-formed combinations, afterwards admit of solu- 
tion in water or acids. We employ in analysis, according 
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to circumstances, either porcelain, silver, or platina cruci- 
bles, for the purposes oif these operations. It we are una- 
ble to produce the necessary degree of heat by means of a 
Berzelius spirit-lamp, the crucible containing the substance 
or substances to be fused, may be placed in a larger, hes- 
sian crucible, and this latter exposed to a charcoal or coke 
fire. 

The application of fluxing is especially required in the 
analysis oi the sulphates of alkaline earths, and of many 
silicates. The flux most commonly used is carbonate of 
soda, or carbonate of potash, or, better still, a mixture of 
both, in equal atomic proportions, (vide § 75.) In cer- 
tain cases, carbonate of barytes is used instead of carbon- 
ate of soda or potash, (vide 4 76.) But in either case 
the operation is conducted in platina crucibles. 

We will here briefly lay down a few precautionary rules 
for the prevention of damage to the platinum vessels used 
in these operations. No substance, evolving phlorine, 
ought to be treated in platinum vessels ; no nitrate of {>ot- 
ash, caustic potash, metals, sulphur or sulphurets, should 
be fused in such vessels, nor ought easily deoxidizable 
metallic oxides, organic metallic salts, and phosphoric salts, 
to be heated therein when organic compounds are present. 
It is also detrimental to platinum crucibles ; and especially 
to their covers, to expose them directly to a strong coal- 
fire, (i e. without shielding them in larger, hessian cruci- 
bles,) because silicide of platinum is easily formed, in such 
cases, by the influence of the ashes, and this renders the 
vessels brittle* 

i 12. 

11. THE USE OP THE BLOW- PIPE. 

The application of the blow-pipe is of the utmost im- 
portance in analytical chemistry* We have here to con- 
sider, first, the necessary apparatus ; then, the manner of 
its application ; and, lastly, the results of the operation. 

A blow-pipe is a small instrument, usually made of teass. 
It was originally used by metallurgists for the purpose of 
soldering, whence it derived the name of soldering-pipe. 
It consists of three distinct parts : viz. 1st, a tube through 
which air is blown from the moufli ; 2d, a small vessel 
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into which this tube is ground air-tight ; this ressel serves 
to collect and retain the moisture of the air blown into the 
tube ; and 3d, a smaller tube, also closely fitted into this 
vessel, forming a right angle with the large tube, and hav- 
ing a very fine aperture at its anterior extremity* The 
blow-pipe serves to conduct a fine and continuous stream 
of air into the flame of a candle or lamp. Such a flamci 
under ordinary circumstances, presents to the eye three 
distinct parts ; viz* Ist, a dark nucleus in the centre ; 2d, 
a luminous part surrounding this nucleus ; and 3d, a kind 
df mantle encircling the whole flame, and but feebly lu- 
minous. The dark nucleus is formed by the gases which 
the heat evolves from the fuel ; these gases cannot burui 
from want of oxygen. In the luminoussphere they come 
into contact with a certain quantity of oxygen, although in- 
sufficient for their complete combustion. The hydrogen 
of the carburetted hydrogen gases evolved, therefore, burns 
principally here, whilst the carbon separates in a state of 
intense white heat, and is thus the cause of the luminous- 
ness of this part. In the outer coat, the access of air is 
no longer limited, and all the gases not yet consumed, are 
consumed there. This part of the flame is the hottest. 
Oxidizable bodies, therefore, o^dize with the greatest pos- 
sible rapidity when placed in it, as the conditions of oxi- 
dizement are here combined, viz* high temperature, 
and an unlimited supply of oxygen. This part of the 
flame is therefore called the oxydizing flame* But the 
contrary ensues when we place oxydized bodies having a 
tendency to yield up their oxygen, within the luminous 
part of the flame, i. e. these substances lose their oxygen, 
the carbon and the still unconsumed carburetted hydro- 
gen withdraw it from them, and thus reduce them. The 
luminous part of the flame is therefore called the reducing 
flame. Now, if we conduct a fine stream of air into a 
flame, we have oxygen, not merely around the outward 
flame, but also in its interior part. Combustion takes 
place, therefore, in either part. But this air rushes with a 
certain vehemence into the flame, and carries forward the 
gases evolved, mixes intimately with them, and efiects 
their combustion at a certain distance from the point of the 
blow-pipe* This spot is marked by a bluish light It is 
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the hottest of the whole flame, since the combustion i» 
most complete there, owing to the intimate intermixture 
of the air with the gases. The luminous part of the flame 
being thus surrounded on all sides by very hot flames, its 
temperature also becomes exceedingly elevated, and this^ 
elevation of temperature is the principal object in ^he ap- 
plication of the blow-pipe ; the hottest point is tnen, of 
course, somiewhat before the aperture of the blow-pipe. In 
this reducing flame many bodies fuse with ease, which re- 
main imaltered m a common flame. The heat of the oxi- 
dizing flame also is considerably increased by the blow* 
pipe, since it becomes more concentrated upon one {)oint. 

As fuel we use either an oil-lamp, or a wax candle, or 
a lamp fed with a solution of oil of turpentine in spirits of 
wine. A common spirit-lamp does not yield, in all cases, 
the requisite degree of heaU 

The blowing is efiected by the cheek-muscles alone, 
and not by the lungs. This way of blowing may easily 
be acquired by practising for some time to breathe gently, 
with pufied up cheeks. If by this means the student has 
succeeded so far as to be able to continue calmly breath- 
ing in this manner, even when holding the blow-pipe be- 
tween his lips, nothing except a little practice will be re- 
quired to enable him to produce a continuous, correct and 
steady flame. 

The supports on which the substances to be examined 
are exposed to the flame of the blow-pipe, are usually 
either charcoal, platinum wire, or platinum plate. In the 
choice of charcoal for the purpose of blow-pipe experi« 
ments, we must especially look to its being thoroughly 
charred, because, if not so, it will split and throw off the 
substances placed on it. The substances to be examined 
are put into small conical cavities carved into the piece of 
charcoal by means of a pen-knife. We generally employ 
charcoal as a support, when we want to reduce a metallic 
oxide, or to test its substance as to its fusibility. If metal* 
are volatile in the heat of the reducing flame, they evapo- 
rate partly or entirely during their reduction. But these 
metallic vapours reoxidize in their transit through the ex- 
ternal flame. 

Many of them have a peculiar colour, by means of 
which the metals may be detected. The platinum wire, 
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as wrell as the platinum plate, should be selected rather 
thin. We generally make use of platinum wire when fus- 
ing bodies together, by means of fluxes^ in order to ascer- 
tain their nature, by the colour and other properties of the 
buitt)ii produced. 

The blow-pipe flame is of especial importance in chem- 
ical experiments, because its effects yield immediate re-» 
suits. These are of two different kinds ; either, 1st, we ob- 
tain merely a knowledge of the general properties of the 
body, and are consequently only enabled to determine the 
class to which it belongs, i. e. we ascertain whellier it is a 
fixed, volatile, or fusible substance, &c. &c. ; or, 2d, the 
phenomena we observe at once point out what special body 
we have before us. The phenomena in question, we shau 
have occasion to examine when we treat of the relation of 
various substances to reagents. 
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i 13. 

APPARATUS AND UTENSILS. 

As the student csinnot be supposed to^ know the appa* 
ratus, &c., necessary for chemical analysis, it maybe well 
here to furnish him with a list of indispensable articles, 
and to point out the qualities they should possess, in order 
to guide him in their purchase. 

1. A Berzelius spirit-lamp. The vessel containing 
the spirit of wine should be connected with the wick by 
means of a narrow tube, to avoid explosions ; — the chimney 
should not be too narrow. The aperture through which 
the spirit of wine is poured should not be air-tight. 

2. A LAMP-STAND with moveable rings and brackets. 

3. A GLASS SPIRIT-LAMP with gTouud covor and brass 
wick-lube. 
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4. A BRASS BLOW-PIPE with a mouth-piece made of horn 
or bone, (vide § 12.) The longer tube may be about 
seven inches, slightly varying, of course, according to the 
visual distance of the individual ; the length of the smaller 
tube ought to be about two inches. Both must be gr^Und 
air-tight into the small vessel, which, as we have stated, 
(§ 12,) collects and retains the moisture of the air blown 
through the pipe. It is advisable to keep two small tubes 
at hand, one with a wider, and the other with a narrower 
opening. 

5. A. PLATINUM CRUCIBLE with ground cover; this 
should not be too deep, in proportion to its breadth. 

6. A PLATINUM SPATULA ; this ought not to be selected 
too thin, and must be as clean and even as possible^ and 
about two inches long and one inch in breadth. 

7. A FEW PIECES OF PLATINUM WIRE, of the size of lute- 
strings, varying in length from three to four inches, and 
twisted at both ends into a small loop. It is advisable to 
keep these wires in a small glass containing water. 

8. A STAND WITH FROM TWELVE TO TWENTY TEST TUBES. 

The latter may vary from four to six or eight inches in 
length, and must be of different width. They should be 
made of thin white glass, and so well annealed, that they 
do not crack even it boiling water be poured into them. 
Their brim must be quite round, and slightly turned down; 
it ought to have no lip whatever, as the lalter is not of the 
slightest use, and prevents the tube from being closely 
stopped with the finger. 

9. Several beaker glasses and small retorts of 
thin, well-annealed glass. 

10. Several porcelain evaporating dishes, and a 

VARIETY OF SMALL PORCELAIN CRUCIBLES. ThoSC of the 

royal manufacture of Berlin are quite unexceptionable in 
shape as well as durability. 

11. Several glass funnels of various sizes- They 
must be inclined at an angle of sixty degrees, and ought to 
merge into their tube at a definite angle. 

12. A syringe bottle, capable of holding from twelve 
to sixteen ounces of water, (vide § 5.) 

13. Several glass rods and various glass tubes. 
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The latter may be bent, drawn out, &:c.| over a Berzelius 
spirit-lamp. 

14. A selection of WATCH-GLASSES. 

1 5. A small agate mortar. 

1 6. Several small iron spoons. 

17. A pair of small pincers, with scissor-handles, the 
blades close together, and bent at their extremity at an 
obtuse angle. 

These should be varnished. 



CHAPTER II. 

reagents. 
§ 14. 

Various phenomena may manifest themselves during 
the decomposition or combination of bodies. In some 
cases liquids change their colour, in others precipitates 
are formed, sometimes effervescence takes place, and 
sometimes deflagration, &c. Now, if these phenomena 
are very striking, and if they accompany only the com- 
bination or decomposition of two definite bodies, it be- 
comes evident that by means of one of these bodies the 
presence of the other may be detected and proved : e. g. 
if we know that a white precipitate, of determinate pro- 
perties, is formed on mixing barytes with sulphuric acid, 
there can be no difficulty in imderstanding that, if by 
adding barytes to any liquid we obtain a precipitate of 
these determinate properties, the conclusion must follow, 
that this liquid contains sulphuric acid. 

Those subi^tances which indicate the presence of other 
bodies, by somewhat striking phenomena, are called 
reagents^ on account of their mutual action upon each 
other. 

Reagents are divided into general and special^ accord- 
ing to the object obtained by their application. By general 
reagents, we understand those by means of which we deter- 



mine the class or ^roup to which the substance under in- 
vestigation belongs ; and by special reagents those, by 
means of which we detect a single definite substance. It 
cannot be considered an objection to this classification, 
that the limits between these two divisions cannot be 
drawn with any degree of exactness. I suggest it only 
to induce the student to keep distinctly in view his pre- 
cise object, i. e. whether a group is to be determined or a 
single substance. 

The value of reagents depends on two circumstances : 
1st, whether they are characteristic ; and 2d, whether 
they are sensible. We call a reagent characteristic, if 
the alteration it produces by the detection of the sub- 
stance, the presence of which (in mixture or combination) 
we wish to ascertain, is of so distinct a character as to 
admit of no erroneous conclusion. Thus, iron is a charac- 
teristic reagent for copper, prolochloride of tin for mer- 
cury, because the phenomena thereby produced, such as 
the separation of metallic copper and of globular mercury, 
admit of no mistake. We call a reagent sensible, if its 
action is still clearly perceptible, although but a very small 
quantity of the substance to be detected may be present, 
e. g. the action of starch upon iodine. We need scarcely 
mention that reagents must in general be chemically pure 5 
they must contain no foreign substance* but simply consist 
of their essential constituents, for their evidence cannot 
be relied upon if this be not the case. We mhst there- 
fore make it a rule carefully to test reagents as to their 
purity, before we use them in experiments, no matter whe* 
ther they be articles of our own production or of purchase. 
As a matter of course, in the instruction we shall give 
when treating of each reagent in particular, and of the 
mode of testing its purity, we cannot take cognizance of 
all those substances with which the reagent may, acci- 
dentally, have become mixed, but only of those, the pre- 
sence of which is probable from the manner of its prepa^ 
iralion. 

One of the most common sources of mistakes in quali- 
tative analysis, proceeds from missing the proper measure 
— the right quantity — in the addition of a reagent to a sub- 
stance under examination. Such terms as '' addition in 



e5tcess,** " supersaturalion," &c., often induce novices er- 
roneously to suppose thai they cannot add loo much of the 
reagent, and, to avoid using too small quantities, many fill 
a test cylinder with acid for the supersaturation of a few 
drops of an alkaline fluid, whilst yet every drop of acid 
added, after the neutralization point has once been reached, 
must be considered an excess of acid. But, on the other 
hand, an insufficient addition is just as much to be avoided 
as a too copious one, since a reagent in insuflicient quan- 
tity often produces phenomena quite diflferent from those 
manifested when added in excess : e. g. chloride of mer- 
cury, when treated with a small quantity of sulphuretted 
hydrogen, gives a white precipitate ; but when treated with 
sulphuretted hydrogen in excess, the precipitate is black. 
Experience has, however, proved that the most common 
mistake beginners are liable to, and which renders their 
operations difficult and uncertain, is to add the reagents in 
too copious quantities. The reason why the experiment 
loses thereby in certainty, is clear, if we recollect that all 
the changes eflfected by reagents are perceptible only 
within certain limits, and that consequently they become 
less and less evident, and may the easier be overlooked 
the more we approach this point by diluting the fluid. 

No definite rules can be given for avoiding this source 
of errors ; a general rule may, however, be laid down, 
and this even is sufficient to point out the proper measure 
in all, or at least in most cases. It is simply this : let the 
student always, before the application of a reagent, well 
consider to what purpose he applies it, and what are the 
phenomena he intends to produce. 

We divide reagents into two classes, according as the 
fluid state of substances, indispensable to the action of 
the reagents, is caused either by the application of heat, 
or by means of liquid solvents; viz. 1, Reagents in the 
humid way * and 2, Reagents in the dry way. For the 
sake of facility and simplicity, we subdivide these two 
classes as follows :— 

A. REAGENTS IN THE HUMID WAY. 

I. General reagents. 

a. Reagents principally used as simple solvents. 
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b. Reagents principally used as chemical solvents. 

c. Reagents whicn serve especially to separate, or 
otherwise to characterise groups of substances* 

II. Special reagents. 

a. Reagents which serve especially for the detection of 
the various bases. 

&• Reagents which are particularly applied to tJie de- I 
tection of the various acids. 

B. REAGENTS IN THE DRY WAY. 

I. Fluxes. 

II. Blow-pipe reagents. 

A. REAGENTS IN THE HUMID WAY. 

I. General Reagents. 
a. Reagents principally used as simple solvents. 

§ 15. 

1. WATER. (H 0.) 

Preparation. — Pure water is obtained by distilling 
spring-water from a copper still, or from a glass retort. 
This distillation should not be carried beyond t&ee-fourths 
of its quantity. Rain-water received in the open air may 
in most cases be substituted for distilled water. 

Testing. — Distilled water must leave no residue on 
evaporation, and must not alter the colour of Georgina ' 
paper. Nitrate of silver, chloride of barium, oxalate of 
ammonia, and lime-water, should not disturb its transpa- 
rency. 

t/^»— We use water* chiefly as a simple solvent for 
a greaj variety of substances. It has, moreover, a special 
applicJSon for the decomposition of several neutral metal- 
lic salcl,^ giving rise to the formation of soluble acid, and 
insoluble basic compounds ; this is particularly the case 
with the salts of bismuth and the chloride of antimony. 

* 1% chemical experiments we never make use of any other but 
distilled water ; whenever therefore the term " water" occurs in the 
present work, distilled water is meant. 
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§ 16. 

2. ALCOHOL. (C* Hj Oa=E, O + Aq.) 

Preparation. — Two sorts of alcohol are used in chemi- 
cal analysis ; 1st. spirit of wine of 0*83 or 0*84, {spiritus 
"vini rectijicatissimus of the shops ;) and 2d, absolute 
alcohol. The latter may be obtained by distilling the 
former, with the addition of fused chloride of calcium. 

Testing. — Pure alcohol must completely volatilizCi 
and ought not to cause any empyreumatic smell when 
nibbed between the hands, nor snould it redden litmus 
paper. 

Uses, — Many substances are soluble in alcohol, others 
remain insoluble. It may, therefore, frequently be em- 
ployed for the separation of the former from the latter, e. 
g. of chloride of strontium from chloride of barium. We 
use alcohol also to precipitate from their aqueous solutions 
such substances as are insoluble in alcohol, e. g. to pre- 
cipitate malate of lime. We employ alcohol, moreover, 
in the production of various kinds of ether, especially of 
ascetic ether, (which is so particularly characteriseci by 
its agreeable odour.) Alcohol serves also for the detection 
of various substances which impart a characteristic tint to 
its flame, especially boracic acid, strontian, soda, and potash. 

§ 17. 

3. ETHER. (C, H, = E 0.) 

Ether has but a very limited application in the analysis 
of inorganic bodies. We use it in fact only to detect and 
isolate bromine, (§ 100, 6.) and for this purpose commer- 
cial officinal ether is sufficiently pure and strong. 

h. Reagents which are principally used as chemical 

solvents, 

§ 18. 

1. HYDROCHLORIC ACID. (CI H.) 

Preparation* — A mixture of thirteen and a half parts 
of oil of vitriol and four parts of water, when coldy is 
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poured upon eight parts of common salt contained in a 
retort ; the neck of the retort is then somewhat raised, and 
the heat of the sand-bath applied to the latter, as long as 
gas passes over. The gas evolved is by means of a bent 
tube, transmitted through twelve parts of water, in a glass 
flask, which must be constantly kept cool. In order to 
prevent the gas from receding, the tube is only permitted 
to dip about one line into the water of the receiver. If 
the sulphuric acid contains nitric acid, the gas which 
passes over first, (and vvhich in that case contains chlorine,) 
must be received separately. The hydrochloric ^cid thus 
produced is tested as to its specific gravity, and diluted 
with water until its specific gravity is 1*11 or ri2. 

Testing, — Hydrochloric acid, used for the purposes of 
chemical analysis, must be colourless and leave no residue 
upon evaporation, nor ought it to discolour indigo-solution, 
even when heated with it to boiling. Chloride of barium 
ought not to produce any precipitate of barytes, neither in 
the highly diluted acid, (sulphuric acid,) nor even after 
having been boiled with nitric acid, (sulphurous acid.) 
Sulphuretted hydrogen must leave it unaltered. Ferro- 
cyanide of potassium must not cause any precipitate in it, 
nor even impart the slightest blue tinge to it, after neu- 
tralization with ammonia and subsequent addition of some 
acetic acid in excess. 

Uses. — We employ hydrochloric acid as a chemical sol- 
• vent for a very great variety of bodies, especially for oxides 
and peroxides (on the solution of which, chlorine is libera- 
ted,) and salts with weaker acids. A solution of this kind, 
always depends on the formation of a chloride soluble in 
water. Muriatic acid serves also as a simple solvent for 
many salts, e. g. the phosphates, borates, and oxalates of 
the alkaline earths. We use it, moreover, to expel weaker 
acids from their salts ; e. g. carbonic acid, hydrosulphuric 
acid. It has also a special application in the detection 
and precipitation of oxyde of silver, protoxyde of mercury, 
and oxyde of lead, (vide infra,) as well as in the detection 
of free ammonia, by producing dense white fumes with it, 
dependent on the formation of sal ammoniac, in the air. 



/ 
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^ 19. 
2. NITRIC ACID. (N Oj,) 

Preparation* — The nitric acid of commerce almost in- 
variably contains sulphuric acid and hydrochloric acid. la 
order to purify it for the purpose of chemical analysis, a 
solution of nitrate of silver is added to iti as long as any 
precipitate of chloride of silver is formed ; this precipitate 
is allowed to settle, and the supernatant acid decanted into 
a retort, and distilled to within a small fraction of its whole 
amount. The distillate is then, if necessary, diluted with 
water till the acid has a specific gravity of 12. 

Testing. — Pure nitric acid must be colourless, and, 
when evaporated on a platinum plate, leave no residue 
behind. W itrate of barytes, or nitrate of silver, must not 
render it turbid. It is advisable to dilute the acid highly 
w^ith water before the application of these reagents, since 
nitrates will be precipitated if this precaution be neglected. 

Uses. — Nitric acid serves, in the first place, as a chemi- 
cal solvent for metals, oxides, sulphurets, oxygen salts, 
&c. Its action on metals and sulphurets depends on the 
oxidation of these bodies, at the expense of part of its 
oxygen, and on the subsequent chemical solution of the 
thereby formed oxides, giving rise to the formation of ni- 
trates. Most oxides dissolve in nitric acid, directly as 
nitrates, and the same is the case with most insoluble— 
(i. e. in water) — salts with weaker acids, the nitric acids 
expelling the latter. For many salts with stronger acidsr 
it is (like hydrochloric acid) used as a simple solvent, e. g. 
the phosphates of the alkaline earths. Nitric acid serves, 
moreover, as the most common means of oxidation ; thus 
we use it,^or instemce, to convert protoxide of iron into 
peroxide, to decompose hydriodic acid and the iodides, dec* 

§ 20. 

NITRO-MURIATIC ACID. AQUA REOIA. (NO4+CI.) 

Preparation. — One measure of pure nitric acid is mixed 
with from three to four measures of pure hydrochloric acid* 
t/m. — ^Nitric acid and hydrocmoric arid decomposo ' 
2 
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each other in such a manner as to give rise to the formst- 
tion of chlorine, hyponitric acid, and water. This decom- 
position ceases as soon as the liqnid is saturated with 
chlorine, but it is resumed immediately, if this state of 
saturation is disturbed, by the application of heat, or by 
the chlorine combining with some other substance. Thus 
we have, in aqua regia, 1st, a continuous source of chlo- 
rine; and 2d, hyponitric acid, and consequently a com- 
bination which has the properly of readily yielding oxygen- 
The mixture of those two substances renders aqua regia 
the most powerful solvent we possess for metals, (those 
excepted which form insoluble compounds, with chlorine.) 
We use aqua regia chiefly for the solution of gold and 
platinum, (both of which are insoluble in hydrochloric acid 
alone, as well as in nitric acid alone,) and for the decona- 
position of various sulphurets, e. g. cinnabar, &c. 

§ 21. 

4* ACETIC ACII>. (0^11303= A.) 

Preparation* — Pure acetic acid is best obtained by 
rubbing ten parts of crystallized neutral acetate of lead 
together, with three parts of anhydrous sulphate of soda, 
pouring the mixture mto a retort, adding a cooled mixture 
of two and a half parts of sulphuric acid, with an equal 
weight of water, and distilling to dryness, in a sand-bath. 
The receiver is best connected with the retort by means of 
a Liebig's condensing apparatus. 

Testing, — Pure acetic acid must leave no residue upon 
evaporation. Sulphuretted hydrogen, and solution of sil- 
ver and of barytes, must not precipitate it when diluted, 
solution of barytes not even when the acetic acj^ has been 
previously boiled with nitric acid. Indigo solution must 
not be discoloured on being heated with the acid, (vide 
§ 101, a.) 

t/ie^.— The application of acetic acid in qualitative 
analysis is chiefly based upon its possessing an unequal 
power of solution for different substances, so it serves, for 
mstance, to distinguish oxalate of hme from phosphate of 
lime. We apply acetic acid also for the acidulation of 
liquids, when we wish to avoid the use of mineral acids. 
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§ 22. 
5. CHLORIDE OF AMMONIUM. (N H4 CI.) 

Muriate of Ammonia- 

Preparation. — ^The sal ammoniac of commerce may 
generjJly be pm-ified for the purposes of chemical analysis 
by simple recrystallization. If it contains iron, a small 
quantity of hydrosulphuret of ammonia must be added to 
the solution ; the precipitate formed is allowed to settle, 
the solution filtered, and hydrochloric acid added to it imtil 
a feeble acid re-action manifests itself ; the mixture then 
is boiled, filtered, saturated with ammonia, and crystal- 
lized. For use as a reagent, one part of the salt is dis- 
solved in eight parts of water. 

Testing. — Solution of sal ammoniac, when evaporated 
on a platinum plate, must leave a residue which com- 
pletely volatilizes upon a higher degree of heat being ap- 
plied. Hydrosulphuret of ammonia ought not to change 
it. Its reaction ought to be completely neutral. 

Uses. — ^We employ sal ammoniac chiefly to keep in so- 
lution certain oxides, e. g. protoxide of manganese, mag- 
nesia, or certain salts, e. g. tartrate of lime, when other 
oxides or salts are precipitated by ammonia or by some 
other reagents. This application oi sal ammoniac is based 
on the tendency of the ammoniacal salts to form double 
combinations with other salts. Sal ammoniac also serves 
to distinguish between precipitates possessed of similar 
properties, e. g. to distinguish the basic phosphate of mag- 
nesia and ammonia which is insoluble in sal ammoniac, 
from other precipitates of magnesia. We employ sal am- 
moniac besides to precipitate from their solutions, various 
substances soluble in potash, and insoluble in ammonia, 
e. g. alumina", oxide of^ chromium ; for in this process the 
sal ammonia decomposes with the potash, and chloride of 
potassium, water, and ammonia are formed. Sal ammo- 
niac is moreover specially used to precipitate platinum as 
ammonio chloride of platinum. 
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c Reagents which serve especially to separate or other- 
wise to characterize groups of substances. 

§ 23. 

1. REAGENT PAPERS : «• BLUE LITMUS PAPER. 

Preparation^ — One part of commercial litmus is digested 
with six parts of water ; the intensely blue liquid obtained 
is divided into two parts, and the free alkali contained in 
the one half saturated by stirring it repeatedly with a glass 
rcjd dipped into very dilute sulphuric acid, until the colour 
exhibits a shade of red ; then the other blue half is added, 
the whole poured into a cup, and slips of fine unsized pa- 
per are dipped into this tincture. These slips are then 
suspended on threads for the purpose of drying. The 
colour of litmus paper must be imiformi and neither too 
light nor too dark. 

Uses* — Litmus paper serves for the detection of free 
acids in liquids, since its blue colour becomes thereby 
changed into red. It must, however, be borne in mindf, 
that it undergoes the same alteration by the neutral salts 
of most metaUic oxides. 

fi. REDDENED LITMUS PAPER. 

Preparation. — Blue litmus tincture is repeatedly stirred 
with a glass rod dipped into dilute sulphuric acid, until its 
coloitr has assumed a distinct shade of red. Slips of pa- 
per are then dipped into this tincture. They must be 
distinctly red when dry.' 

Uses. — The blue colour of reddened litmus paper is 
restored by pure alkalies and alkaline earths, as well as 
by their sulpnur combinations, by alkaline carbonates, and 
also by the soluble salts of several other weak acids, 
especially of boracic acid. It serves, thereforoi for the de- 
tection ox tliese substances in general. 

y. GEORGINA PAPER. 

Preparation* — The violet coloured petals of Georgina 
purpurea are boiled in water or digested with spirits of 
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wine, and slips of paper dipped into the tinctnie. Care 
should be taken to concentrate the liquor only to such a 
degree as to impart to the paper when drji a fine Tiolet- 
blue colour, which must not be too dark (deep.) A small 
quantity of ammonia is added to the tincture, if the colour 
is too red. 

Uses, — Georgina paper is reddened by acids ; alkalies 
impart a beautiful green tinge to it. It is, thereftnre, of veiy 
convenient application, as a substitute for the blue as well 
as the red litmus pap^. It is of extreme susceptibility, if 
properly prepared, for acids as well as foralkaUes. Con* 
centrated solutions of caustic alkalies, colour it yellow by 
destroying its colouring matter. 

i. TURMERIC PAPER. 

* Preparation. — One part of bruised turmeric-root is di- 
gested and heated with six parts of dilute spirit of wine ; 
the tincture obtained is filtered, and slips oi fine paper are 
dipped into it. Turmeric paper, when dry, must nave a 
fine yellow colour. 

Uses, — It serves in the same manner as reddened litmus 

{)aper and Georgina paper, for the detection of free alks^ 
ies, &c. ; as they change its yellow colour into brown. 
It is not so susceptible as the other reagent papers, but the 
change of colour it produces is highly characteristic, and 
can be especially well perceived in several coloured li- 
quids ; we consequently cannot well dispense with tur- 
meric paper. It must be borne in mind, when using it as 
a test, that, besides the substances mentioned above, (vide 
reddened litmus paper,) several other bodies, e. g. boracic 
acid, change its yellow colour into brown. 

All reagent papers should be cut into slips, and kept in 
well-closed glass jars or small boxes. 

} 24. 

2. SULPHURIC ACID. (S O3.) 

English sulphuric acid may always be used in qualita* 
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tive analysis, provided it contains no arsenic, and has pre- 
viously been freed from nitric acid, by boiling.* 

Testing, — Pure sulphuric acid, when boiled with a 
small quantity of indigo solution, nrast not destroy its blue 
colour. When mixed with pure zinc and water, it must 
yield hydrogen, which, on being passed through a tube 
heated to redness, does not deposit the slightest crust of 
arsenic. (Compare § 93, d,) 

Uses. — Sulphuric acid having to most bases a greater 
affinity than almost any other acid, is principally employed 
for the liberation and expulsion of other acids, especially 
of phosphoric, boracic, muriatic, nitric, and acetic acids. 
Sulphuric acid serves also for the liberation of iodine from 
the iodides. It oxidizes, in this process, the metals at 
the expense of its own oxygen, and is converted into sul- 
phurous acid. Several substances which cannot exist in 
an anhydrous state (e. g. oxalic acid) are decomposed 
when brought into contact with concentrated sulphuric 
acid ; this decomposition is caused by the great affinity 
which sulphuric acid has for water. The nature of the 
decomposed body may in such cases be determined by 
the hberated products of its decomposition. Sulphuric 
acid is, moreover, frequently used for the evolution of sev- 
eral gases, especially of hydrogen and sulphuretted hy- 
drogen. It is, besides, especially employed for the detec- 
tion and precipitation of barytes, strontian, and lead. The 
acid used for this purpose is diluted with four parts of 
water. 

§ 25. 

3. SULPHURETTED HYDROGEN. (HS.) 

Preparation. — Mix intimately thirty-two parts of iron 
filings with twenty-one parts of sublimed sulphur, divide 
into small portions, and gradually project them into. a cru- 
cible heated to redness, and before adding new portions, 
wait until the last are red-hot. After the entire mixture 
has thus been fused, the crucible is well covered, and al- 

---■■■ -■ ■ - ■- - — ■ 

• The sulphuric acid of commerce often contains lead, which ren- 
ders it turbid Y^hen diluted ; this may be removed by allowing the 
lead to subside, or by distillation. — Ed. 
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lowed to remain a short time longer exposed to the fire. 
The aulphurel of iron thus obtained is broken into tumps, 
when cool, covered with water, in an evolution bottle 
(a,) and cone en I rated sulphuric acid added by means of 
^through) a funnel tube (b.) The gas evolved is transmit- 
ted through some water (c.) for the purpose of purifying 



Sulphuretted hydrogen water is prepared by conduct- 
ing the gas obtained in the preceding process into water of 
the lowest possible temperature (d,) until it is saturated, 
consequently until the whole volume of the gas added in 
excess begins to escape completely unabsorbed. Sul- 
phuretted hydrogen water must be kept in well-closed ves- 
sels, as it soon undergoes complete decomposition, if this 
precaution is neglected. It keeps very long if it rs im- 
mediately after preparation put into, little flasks, and these 
latter, being well corked, are placed in an inverted position 
into small vessels filled with water. Sulphuretted hydro- 
gen water must be clear, possess the odour of the gas to a 
high degree, and yield a strong precipitale of sulphur, 
when treated with chloride of iron. It must not assume a 
blackish tinge upon the addition of ammonia. 

Uses- — Sulphuretted hydrogen has a strong tendency to 
decompose with metallic oxides, forming water and sul- 
phurets. As these latter are mostly insoluble in water, a 
decomposition of this kind is usually attended with pre- 
cipitation of the metallic oxides &om their solutions. The 
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conditions under which these precipitations take place, 
differ in such a manner, that by altering them we are en- 
abled to divide all precipitable metals into groups, (as we 
shall afterwards explain, yide ^ 26, uses.) Sulphuretted 
hydrogen is, therefore, an invaluable means for the diTision 
oi metaLs into groups. Some of these sulphuret precipi- 
tates have so distinct a colour, that we are enabled there- 
by to determine the particular metals they contain. Sul- 
}3nuretted hydrogen serves for the special detection of the 
oUowing metals : tin, antimony, arsenic, cadmium, man- 
ganese, and zinc. For more ample information we refer 
the reader to the third chapter. From its property of 
being readily decomposed, sulphuretted hydrogen serves 
also as means of reauction for many substances ; thns^ 
for instance, salts of peroxide of iron are converted by it 
into salts of protoxide of iron, chromic acid is changed into 
chromic oxide, &c. Sulphur separates in these reduc- 
tions, in the form of a white powder. 

^ 26. 

2. HYDROSTTLPHXJRET OF AMMONIA. (NH^SHS.) 

Preparation. — This Uquid is formed by transmitting 
sulphuretted hydrogen through liquor of ammonia, to cona- 
plete saturation, consequently till it no longer causes pre- 
cipitation in a solution of sulphate of magnesia. The so- 
lution obtained must be kept in well-closed bottles, since 
contact with the atmosphere decomposes it. 

Testing, — Hpdrosulphuret of ammonia is transparent at 
first, and yields no sulphur on being mixed with acids ; in 
contact with the atmosphere it assumes a yellow tint 
caused by the formation of sulphuret of ammonium, in ex- 
cess. » Tnis yellow tinge, however, does not render the 
reagent useless. But it now yields sulphur when mixed 
wim acids, and this ought to be overlooked in experiments. 
Hydrosulphuret of ammonia must be transparent, and 
wnen heated evaporate without residue : and, as already 
mentioned above, ought not to precipitate solution of mag- 
nesia. 

Uses*— The arrangement into groups of the metallic ox- 
ides, precipitable by sulphuretted hydrogen, depends upon 
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certain conditions indispensable to their precipitation. Tlie 
presence of an alkali is one of these conditions — its ab- 
sence is another ; i. e. certain sulphurets precipitate only 
if the liquid is alkaline, because they are soluble in acids ; 
others precipitate only if the liquid is acid, as they are 
soluble in alkaline sulphurets. Now, hydrosulphuret of 
a^mmonia may be considered as a reagent in which sul- 

fliuretted hydrogen acts in conjunction with ammonia, 
lere, we have, therefore, as well as those conditions which 
aore necessary fcnr the precipitation of the first-mentioned 
group, as also those conditions which prevent the precipi- 
tation of the other group of sulphurets, or cause tneir re- 
solution, when those precipitated from acid solutions are 
digested with the reagent. For the purposes of this latter 
application, the hydrosulphuret of ammonia must, in cer- 
tain cases, contain sulphur in excess. Besides the sul- 
phurets the precipitation of which is effected by the joint 
action of sulphuretted hydrogen and of ammonia, the hy- 
drosulphuret of ammonia by the sole action of ita ammo- 
nia, precipitates oxide of chromium and alumina as hy- 
drated oxides, and also such substances as are only dis- 
solved by free acids, e. g. phosphate of lime, dissolved in 
hydrochloric acid, and this property of hydrosulphuret of 
ammonia must not be lost sight of in experiments. 

§ 27. 

SULPHURET OP POTASSIUM. (KS,) 

Preparation, — This'reagent must not be kept in store, 
but prepared immediately previous to its application. 
It maybe produced by boiling sulphur, in proper propor- 
tions, with solution or caustic potash. 

Uses. — Sulphuret of potassium must be substituted for 
hydrosulphuret of ammonia, when sulphuret of copper is 
to be separated from sulphur combinations soluble in al- 
kaline sulphurets, e. g. from sulphuret of tin, because the 
sulphuret of copper is not quite insoluble in hydrosulphuret 
of ammonia.. 

§ 28. 
6. POTASH. (KO.J 

• Preparation. — One ounce of pure carb<Hiate of potash 
2* 
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(§ 29) is dissolved in twelve ounces of w^aler, the solutioii 
boiled in a clean iron pan, and whilst the liquid is kept 
constantly at a boiling point, hydrate of lime added in small 
portions until a portion of the fluid thus obtained, causes 
no longer any effervesence when filtered into hydrochloric 
acid. (The proportions used are, the hydrate of about one 
part of the caustic lime in two parts of carbonate of pot- 
ash.) The pan is then taken off the fire. If the process 
has been conducted exactly according to the direction here 
given, the carbonate of lime which has been formed will 
quickly subside. When all the carbonate of Ume has set- 
tled at the bottom of the vessel, the supernatant solution of 
potash may be filtered through bleached linen, and the fil- 
trate obtained rapidly evaporated in a clean iron pan, or 
more properly in a silver basin, until four ounces only re- 
main, which, consequently, will give a specific gravity of 
1 'SS. Solution of potash is kept best in small bottles, shut 
in the manner of glass spirit-lamps by a ground-gla&s 
cover, in default of which a small slip of paper ought to be 
rolled around the glass stopper of a common bottle. If 
this precaution be neglected, it will be found impossible, 
after a short time, to take the stopper off. 

Testing, — Pure solution of potash ought to be colour- 
less. It must form no precipitate with chloride of barium 
nor with nitrate of silver, when supersaturated with nitric 
acid, during which latter operation a slight effervesence 
only ought to take place. It must leave no silicic acid be- 
hind, when after evaporation to dryness the residue is 
washed off with water. It ought not to be rendered tur- 
bid on being heated with an equal measure of solution of 
sal ammoniac. 

C/ise^. — By means of its great affinity for acids, potash 
decomposes the salts of most bases, and precipitates there- 
fore from their solutions all those salts which are insoluble 
in water. Many of these oxides are dissolved by potash 
in excess, e g. alumina, oxide of chromium, oxide of lead ; 
others are not, e. g. oxide of iron, oxide of bismuth, &c.' 
Potash thus furnishes us with a means of separating the 
former oxides from the latter. Potash, besides, dissolves 
many salts, (e. g. chromate of lead,) sulphurets a. s. 
o., and thus enables us as well to separate as to dis- 
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txnguish them from other substances. Many of the pre- 
cipitates produced by potash exhibit particular colour or 
other characteristic properties, as, e. g. suboxide of man- 
ganese, suboxide of iron, suboxide of mercury, and by 
means of these colours or properties we may detect the na- 
ture of the metals they contain. Potash expels ammonia 
from its salts, and thus enables us to detect the latter sub- 
stance by its odour, its reaction on vegetable colours, &c. 

i 29. 

7. CARBONATE OF POTASH. (KO COj.) 

Preparation.— V\ilb carbonate of potash, for chemical 
purposes, is prepared by calcining purified bitartrate of 
potash in an iron pan, to complete carbonization ; the resi- 
due is then boiled with water ; the solution thus obtained 
is purified by filtration and evaporated to dryness, in a 
clean iron pan ; towards the latter end of this process the 
mass must be constantly stirred. The residuary dry salt 
is kept in a well-closed bottle. For use, one part of it is 
dissolved in five parts of water. 

Testing, — Pure carbonate of potash must be perfectly 
white. Its solution, when supersaturated with nitric acid, 
must not be rendered turbid by chloride t)f barium nor by 
nitrate of silver ; and, when supersaturated with hydro- 
chloric acid and evaporated to dryness, must leave no resi- 
due (silica) when redissolved in water. 

Uses — Carbonate of potash precipitates all bases, with 
the exception of the alkalies, most oi them as carbonates, 
but also a few as oxides. . Those bases which are soluble 
in water, as bicarbonates, are only on boiling completely 
precipitated from their acid solutions. Many of the pre- 
cipitates produced by carbonate of potash exhibit par- 
ticular colours, and may therefore serve for the detection 
of the various metals. The solution of carbonate of pot- 
ash is moreover employed for the decomposition of many 
insoluble salts with metallic bases, or bases of the alkaline 
earths, especially of those with organic acids. For these 
salts, on being boiled with carbonate of potash, are con- 
verted into carbonates, whilst the acids combine with the 
potash, forming soluble salts. Carbonate of potash is also 
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i2sed to Baturate firee acids, in order to obtain them in com- 
bination with potash a» salts, and is, moreover, especially 
iised to precipitate platinum from solutions containing 
hydrochloric acid. 

i 30. 

8. AMMONIA. (NH^O.) 

Preparation.— Pure liquor of ammonia is prepared by 
fflaking four parts of quick lime with one and one-third 
part oF water, mixing this hydrate of limcy in a glass re- 
tort, with five parts of sal ammoniac reduced to powder, 
and cautiously adding as much wtfcr as will cause the 
powder to form into lumps when agitated. The retort is 
then placed in a sand-bath^ and brought into ccumexion 
with two gas conducting tubes, joined to each other in the 
middle by naeans of a rinsing apparatus, containing only a 
snoall quantity of water, such as nas been described in the 
preparation of sulphuretted hydrogen, (vide § 25, and en- 
graving.) The absorbing receiver should contain ten 
parts of water. This receiver is placed in a vessel filled 
with cold water ; heat is then applied to the retort. The 
evolution of gas immediately ensues. The heat is con- 
tinued until no liibre Bubbles appear, and the stopper of 
the retort is then quickly taken off. to prevent the fluid 
firom receding. The liquor of ammonia contained in the 
washing apparatus is impure, but that in the receiver is 
pure ; it contains about sixteen per cent, of ammonia, and 
thus has a specific gravity of 0.93. It is kept in phials 
closed with glass stoppers. 

Te^^m^.— Pure liquor of ammonia must be colourless, 
and upon evaporation on a watch-glass not leave the slight- 
est residue. * It ought not to render linie-water turbid, 
(carbonic acid,) and after supersaturation with nitric acid, 
must not be rendered turbid by solution of barjrtes nor by 
solution of nitrate of silver, nor be coloured by sulphu- 
retted hydrogen. 

Uses. — Ammonia is cMie of the most frequently used rea- 
gents. It is especially applied for the saturation of acid 
liquids, for the precipitation of a great many metallic ox- 
ides and earths, as well as for their separation from each 
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Many oxides wl^ch are precipitated by ammonia from 
neutral eolulions, are not precipitated from acid soltrtioi^i 
their precipitation being here prevented by the formatioa , 
of an ammoniacal -8^1^ (Compare Chloride of AmmoBium, 
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• Ml. * * 

9- C&RBONATE OP AHHONU. (NH,0, CO,.) 

Preparation. — We use, for the purposes of chemical 
analysis, sesquicarbonale of ammonia, which must be en- 
tirely free from any smell of animal oil, (such as is pre- 
pared on a large scale, by the sublimation of sal ammoniac 
and chalk.) The outer and inner surface of the mass 
must be carefully scraped off; and then one part of the 
salt dissolved in a mixture of four parts of water, and one 
part of caustic liquor of ammonia. 

Testing. — Pure carbonate of ammonia must completely 
evaportiie, and after supersaturation with nitric acid, nei- 
ther be coloured nor precipitated by solution of barytee, 
nor by solution of silver, nor by sulphuretted hydrogen. 

Uses. — Carbonate of ammonia precipitates most metal- 
lic oxides and earths, like carbonate of potash. The com- 
plete pregipitation of many of them takes place only on 
boiling. Several of the precipitated combinations redis- 
solve again when this reagent is addM ih 'excess. Car-' 
bonate of ammonia dissolves many^ hya[^iQs of oxides in a 
hke manner, and thus enables us to .separate them from 
others which are insoluble. This power of solution depends 
upon the tendency of ammoniaca! salts, to ■iorm soluble 
double salts, indecomposible by free ammonia' as Well as 
by carbonate of ammonia. 

Like caustic ammonia, and for the same reason, catboa- 



from acid aolulicips, 
rom neutral solutions.- 
lonia, in chemical an- 
i^f Jjarytes, of a'tron- 
ion'of tnese substan- 
lot precipitated in the 



Tr^'-ii^ -. Ms. • 

J*. ~ 10- CHLORIDE OP BARICH. . (Ba, CL) 

Preparation. — Six parts of hea^sfcar reduced to afine 
powder are mixed with one parBiBf^owdered charcoal 
and one aod a W£ p#1;of ilour j^this mixture is put into 
a hessian crucible an^ exposed tP the strongest possible 
red heat. The fused ffiass is rubbed to powder when cool ; 
about nine-tenths of the powder are boiled with four times 
llieir weight of water, and hydrochloric acid is added, un- 
til no more effervescence of^ sulphuretted hydrogen takes 
place, and the liquid manifests an acid reaction. Then 
the last tenth of the fused mixture is added, and the boil- 
ing still continued for some time. The alkaline liquid is 
then filtered and chrystallized. The crystals when dry- 
are digested and wasned with alcohoi, redissolved in wa- 
ter, and again crystallized. For use, one part of the crys- 
tals is dissolved m ten parts of water. 

Testing. — Pure chloride of barium must not affect veg- 
etable colours, nor ought its solution to be altered by sul- 
phuretted hydrogen, nor by hydrosulphuret of ammonia. 
Pure sulphuric acid must precipitate every fixed particle 
from it, so that the filtered liquid leaves not the slightest 
residue when evaporated on a platinum plate. ■■." 

Uses- — Barytas forms, with many acids, soluble salts; 
with others, .in_^q]Tlt)lfl combinations. This property of 
baryles •afToidK'jjs a means of distinguishing the former 
acids, which fire ndt precipitated by chloride of barium, 
from iGe lalfci in saline solutions whiph are precipitated by 
chloride.'tifJ)arijim. These barytes precipitates manifest 
to other substances (jacids) relations differing from each 
other- Consequently, by subjecting th^m to the action of 
auch bodies, we may subdivide agam flife rioUp of precipi- 
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11. NITRATE OF BARYTES. (B^), NAj.*^ * *^ • 

Preparation. — A dilute solution of hHojic^ i^baiilina 
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table acids, and even directly detect certain acicjs. Chlo- 
ride of barium is one of our most importai^ reagertts, on 
acooimt of its applicatioi^^istinguishyig one g^llip o&9£ids 
from another, and especially as a me^ of detecting si^^u- 
ric acid. % %* 

§ 33. 

is boiled; and carbonate of ammonia addec^ as long as it 
oauses any precipitate, and further until the liqCiid jp^tni- 
fests an alkaline reaction. The carbonate t)f barytes 
obtained by this process is carefully washed, and then dis- 
solved in hot and dilute nitric acid, until the liquid no 
longer manifests any acid reaction. The solution is then 
filtered, and afterwards crystallized by evaporation. One 
part of the crystallized salt is dissolved in ten parts of 
-w^ater, for use. The tests as to its purity are the same as 
in chloride of barium. Nitrate of silver must not render 
its solution turbid. 

Uses, — Nitrate of barytes is analogous in its action to 
chloride of barium, and may be substituted for this latter 
substance, when we wish to avoid the formation of a 
chloride in a liquid. 

§ 34. 

chi;k)ride OF calcium. (Ca CI.) ^ 

Preparations, — Chalk is added to hot and dilute hy- 
drochloric acid, until all acid reaction ceases ; the solution 
is then filtered, and, with the addition of some ammonia, 
allowed to stand a few hours, at a moderafe heat. It is 
then filtered again; the filtrate is heated to boiling, and 
carbonate of ammonia added until all the lime is precipi- 
tated; the thus obtained carbonate of lime is carefully 
washed. A mixture of one part of pure hydrochloric acid, 
with five 'parts of water, is then heated and the washed 
carbonate of lime added to complete neutralization; the 
solution is then boiled up several times, filtered, and pre- 
served for use. . . 

Testing, — Solution of chloride of calcium must be per- 
fectly neutral, and neither be tinged nor precipitated by 
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hydrosulphuret of ammonia ; nor ought it to evolTe am- 
monia w^en mixed with potash or with hydrate of lime. 

U^. — fj^loride <)f calcimn is, in its action and applica- 
tion, analogous to chMride of barium. For, as the latter is 
applied ID divide the inorganic acids into groups, so Uie 
fojKOiec sjerves for the same purpose with the organic acids, 
iginte itf (tcipitat^ some of them, whilst it forms soluble 
combinayons tvJV others. And, as is the case with the 
barytes prel^i^tates, the different conditions under ^which 
. the various insoluble Ume salts are precipitated, furnish us 
with^neane for a more special classification of these acids. 

^ 35. 

13. NITRATE OP SILVER. (Ag O, NO,.) 

Preparation. — To obtain nitrate of silver in a state of 
purity, silver alloyed with copper, as e. g. a piece of 
standard coin, is dissolved in nitric acid. The solution is 
evaporated to dryness, and the residue fused in a small 
porcelain crucible, at a moderate heat, by means of a 
spirit-lamp, till all the nitrate of copper is decomposed, 
i. e. till the green colour of the salt has completely vanish- 
ed, even in the portions adhering to the upper sides of the 
crucible, and a portion dissolved in water becomes no 
longer blue when ammonia in excess is added. The mass, 
when cooled, is boiled with water, filtered, and crystallized. 
One part of the crystals is dissolved inytwenty parts of 
water, for use. The oxide of copper remaining after the 
solution of the fused mass, always contains some silver, 
to remove which the residue is dissolved in nitric acid, 
and the silver precipitated from the solution, as chloride 
of silver. 

Testing. — Nitrate of silver may be considered pure, if 
the fixed part of its solution is completely precipitated by 
dilute hydrochloric acid, so that the fluid filtered from the 
chloride of silver leaves no residue upon evaporaticm on a 
watch-glass, and is neither precipitated nor tinged by sul- 
phuretted hydrogen. 

Use. — Oxide of silver forms, with many acids, soluble, 
with others, insoluble combinations ; nitrate of silver may 
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thexefbre be usedt like chloride of barium, for the classifica- 
tion of acids into groups. 

IVIost of the insoluble silver combinations are soluble in 
dilvLte nitric acid, chloride, iodide, bromide, and cyanide 
of silver excepted. Nitrate of silver is, therefore, an excel- 
lent means for distinguishing and separating the hydracids 
corresponding to the last-named silver combinations from 
all other acids. Nitrate of silver is also of great impor- 
tance for the detection of individual acids, as many of the 
silver precipitates exhibit a particular colour, (chromate, 
and arseniate of silver, for example,) or a particular relation 
to other reagents, or peculiar properties, on being heated, 
e.g. formiate of silver. 

§36. 

14. FERCHLORIDE OF IRON. (FCj CI,.) 

Preparation, — To obtain pure perchloride of iron, two 
parts^ of hydrochloric acid, cliluted v^riih from six to eight 
parts of water, are heated with an excess of small iron 
nails free from rustj until the evolution of hydrogen ceases ; 
the solution is then decanted, mixed with one part of hydro- 
chloric acid, boiled in a very capacious vessel, and, whilst 
boiling, nitric acid in small portions cautiously and gradually 
added, till a further addition produces no longer any eflfer- 
vescence ; i. e. till no more red vapours of nitrous acid 
appear, and solution of ferricyanide of potassium (§ 42) no 
longer tinges the mixture blue. A smaD excess of nitric 
acid does no harm whatever. The solution obtained is 
then diluted with water, boiled, ammonia added to alkaline 
reaction, and the produced precipitate of hydrated peroxide 
of iron well washed with hot water, and when still moist, 
added to a heated mixture of 272 parts of hydrochloric 
acid, and ten parts of water, till the last portions are not 
dissolved, even on continued heating. The solution is 
then filtered, and kept for use. 

Testing, — Solution of perchloride of iron, for the pur- 
poses of chemical analysis, must not contain acid in excess ; 
a portion of it must, therefore, when stirred with a small 
rod dipped in ammonia, yield a precipitate, which is not 
re-dissolved on shaking the vessel. Ferricyanide of potasfc- 
sium must not impart a blue tinge to it. 
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Use. — Chloride 'of iron serves for a further classification 
of those organic acids which are not precipitated by chloride 
of calcium, as it produces precipitates with benzoic and 
succinic salts, whilst it leaves acetic and formic salts in 
solution. The neutral salts which these latter acids form 
with peroxide of iron, dissolve in water, imparting an 
intensely red colour to the latter ; chloride of iron affords, 
therefore, a useful means for their detection. (Vide § 98, 
a 7, for its application for the decomposition of phosphates 
of the alkaline earths, to which purpose it is exceedingly 
well adapted.) Chloride of iron serves also for the detec- 
tion of ferrocyanide of hydrogen, producing Prussian blue 
with this substance. 

II. SPECIAL REAGENTS IN tHE HUMID WAY. 

a. Reagents which serve esperdally for the detection or 

separation of individual bases* 

§37. 

1. SUI,PHATE OF POTASH. (KO, SO 3.) 

Preparation, — The sulphate of potash of commerce is 
purified by re-crystallization, and one part of the pure salt 
is dissolved in twelve parts of water, for use. 

Uses- — Sulphate of potash precipitates from solutions 
of barytes and strontian the sulphates of the oxides, which 
are insoluble m water. It serves, therefore, for their de- 
tection and separation. It also produces a precipitate in 
very highly concentrated solutions of hme, but, in most 
cases, only after the lapse of some time. It does not pre- 
cipitate dilute solution of lime. The action of sulphate of 
potash being analogous to that of dilute sulphuric acid, it 
is in many cases preferable to the latter reagent, since it 
does not disturb the neutrality of the solution. 

§ 38. 

2. PHOSPHATE OP SODA. (2NaO, POg.) 

Preparation, — To obtain this reagent pure, dilute com- 
mercial phosphoric acid is heated, and solution of carbonate 



NEUTRAL CHROMATE OF POTASH. 55 

of soda added, till all effervescence ceases, and the liquid 
manifests a feeble alkaline reaction. The liquid is then 
filtered, evaporated, and crystallized. The crystals are 
dried, triturated with a portion of charcoal and flour, and 
the entire mass strongly heated in a hessian crucible. The 
heated mass is then boiled with water, filtered, and crys- 
tallized. One part of the salt obtained is dissolved in ten 
parts of water, for use. This solution must not become 
turbid on being heated with ammonia. The precipitates 
produced by the addition of solution of barytes, and of 
silver, must completely redissolve on the addition of dilute 
nitric acid. 

Uses, — ^Phosphate of soda precipitates the alkaline 
earths, and all metallic oxides, by double affinity. It serves 
in the course of analysis, after the separation of the heavy 
metallic oxides, as a test for alkaline .earths in general ; 
and, after the separation of barytes, strontian, and lime, 
with simultaneous addition of ammonia, as a test for the 
detection of magnesia, which precipitates under these cir- 
cumstances as basic phosphate of ammonia and magnesia. 

§ 39. 

3. NEUTRAL CHROMATE OF POTASH. (KO, Cr O3.) 

Preparation. — To obtain this reagent pure, the com- 
mercial bichromate of potash is dissolved in water, and* 
carbonate of potash added, till the solution- manifests a 
feeble alkaline reaction. The liquid, which is now of a 
yellow cdour, is then crystalUzed. The crystals are well 
washed and re-dissolved in water, in the proportion of one 
part of the crystals to ten parts of water. The solution 
must be neutral. 

Uses. — Chromate of potash decomposes, by double af- 
finity, most of the soluble inetallic salts. The precipitated 
metallic chromates are, for the most part, very difficult of 
solution, and often manifest such peculiar colourings, that 
the metals they contain may be easily detected. We use 
chromate of potash principally as a test for lead. 
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§ 40. 

4. CYANIDE OF POTASSIUM. (KCy.) 

Preparation* — To obtain this reagent pure, commercial 
ferrocyanate of potash is gently heated and stirred, till its 
water, of crystallization is completely expelled ; it is then 
pounded, and eight parts of me dry powder are mixed 
with three parts of perfectly dry carbonate of potash. 
This mixture is put into a crucible heated to redness, and 
the latter well closed and kept at a bright red heat, till the 
mass is in a state of clear and calm fusion. The fused 
cyanide of potassium is then poured into a heated porcelain 
basin ; this must be done cautiously, in order to preTent 
the passing over of any particles of the iron which, in a 
higmy-divided state, has separated from the mass, and sub- 
sided to the bottom of the crucible. The thus obtained 
cyanide of potassium is exceedingly well adapted for 
application in analysis, although it contains cyanate of 
potash* It must be perfectly white* One part is dissolved 
in four parts of cold water. 

Uses. — Cyanide of potassium (containing cyanate of pot- 
ash) produces in the solutions of most metallic salts in wa- 
ter, insoluble precipitates of cyanides, oxides, or carbon- 
ates. The former of these precipitates are soluble in cy- 
anide of potassium ; they may, therefore, by a further ad- 
dition of the reagent, be separated from the oxides, &c. 
which are insoluble in cyanide of potassium. Some of 
the cyanides of metals always dissolve as cyanides com- 
bined with cyanides of potassium, even if free prussic acid 
be present; others combine with cyanogen, forming 
new radicals, and as such, combined with potassium, re- 
main in solution. Cobalti-cyanide of potassium, ferro and 
ferri-cyanide of potassium, are the most common combi- 
nations of the latter kind. They differ from the double 
cyanogen compounds of the foraier description, especially 
inasmuch as dilute acids do not separate from them the 
cyanides of metals. Those metals forming such, com- 
binations may, therefore, by syanide of potassinm, be 
separated from all those metials, the cyanides of which 
are precipitated by acids, from their solutions in cy- 
anide of potassium. This reagent has a highly impor- 
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taut special appl]cati<my in analysis, for the separation of 
nickel from cobalt. 

HI. 

5. FXRROCYANIOE OF POTASSIUM* 

(C. N, Fc+2 K=Cfy+ 2 K.) 

Prmaration. — Commercial ferrocyanide of potassium 
is sufficiently pure for the purposes of chemical analysis. 
One part is dissolved in twelve parts of water, for use. 

Uses, — Ferrocyanide fcx'ms with most metals combina- 
tions insoluble in water, and often very peculiarly coloured. 
These combinations occur when ferrocyanide of potassium 
is brought into contact with soluble salts of metaltic ox- 
ides, with chlorides, &c. the potassium changing places 
with the metals. Ferrocyanide of copper, and ferrocyan- 
ide of iron, show the most characteristic colourings oi all ; 
and ferrocyanide of potassium is, therefore, especially ap- 
plied as a reagent for the detection of oxide of copper 
and peroxide of iron^ 

§ 42. 

6* FERRICTANIDE OF POTASSIUM. 

(C,,NeFe 4-3K=2Cfy+3K.) 

Preparation.— Thi^ reagent is obtained by transmitting 
chlorine gas through a solution of one part of ferrocyanide 
of potassium in ten parts of water, till a portion of the 
fluid, when added to a solution of perchlonde of iron, no 
longer produces a blue precipitate, or even a blue tinge. 
The solution is then concentrated by evaporation, and 
some carbonate of potash added, until a feeble alkaline re- 
action becomes manifest. The liquid is then filtered,, and 
allowed to cool. The crystals obtained are of a magnifi- 
cent red colour. One part is dissolved in ten parts of wa- 
ter, for use. The solution, as already remarked, must 
neither produce a blue precipitate nor a blue tinge, when 
added to solution of perchloride of iron. 

Uses, — Ferricyanide of potassium deccxnposes with so- 
lutions of metalhc oxides, m the same manner as ferrocy- 
anide of potassium. Of all ferricyanides of metalsj fern- 
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cyanide of iron is peculiarly characterized by j|||coIoary 
and we apply, therefore, ferricyanide of potassium espe- 
cially as a reagent for protoxide of iron. And for this pur- 
1)0se it may very well be prepared extempore, by gradual- 
y adding nitric acid to a solution of ferrocyanide of potas- 
sium, till a portion of the mixture no longer imparts a blue 
colour to a solution of chloride of iron. All elevatiMi of 
temperature must be avoided in this process, and the ves- 
sel ought to be agitated whilst the nitric acid is added. 

§43. 

7. HYDROFLUO SILICIC ACID. (3 HF+2 Si Fg.) 

Preparation. — This reagent is obtained in the following 
manner : equal parts of fluor spar and sand, in powder, 
are mixed in a glass retort, with six parts of English sul- 
phuric acid ; the opening of the retort is closed with a 
perforited cork, into which one end of a double-Umbed 
lube is fitted air tight. The exit limb must reach to the 
bottom of a flat-bottomed glass jar, and its extremity be 
covered with a column of mercury, to the extent of a few 
lines; this glass-jar receiver contains four parts of water. 
A disengagement of the fluo-silicic gas immediately takes 
place, even without the application of heat ; a gentle heat 
by the sand-bath is, however, required to aid the opera- 
tion. Every bubble of gas, as it ascends through the mer- 
cury, produces a precipitate of hydrate of silicic acid. One 
equivalent of every three equivalents of the fluoride of sili- 
con is decomposed in this process, and combines with 
three equivalents of water, forming silicic acid which pre- 
cipitates, and hydrofluoric acid, which combines with the 
two remaining equivalents of the fluoride of silicon, form- 
ing hydrofluo silicic acid. The precipitated hydrate of si- 
licic acid renders the liquid gelatinous, and it is on this 
account that the aperture of the exit tube must be placed 
under mercury, for it would speedily be choked if this 
precaution were neglected. It sometimes happens in the 
course, and especidly towards the end, of the operation, 
that the gas forms complete tubes or channels of silica in 
the gelatinous liquid, through which it gains the surface 
without decomposition, if they are not broken from time to 
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time ^^wrring. When the disengagement of gas has 
cease(i^^gelatinous mass is poured on a piece of linen, 
and the fluid squeezed through. The liquid obtained is 
then filtered, and kept for use. The hydrofluo-silicic acid, 
mixed with two parts of water, produces no precipitate in 
the solution of salts of strontian. 

Uses.— Bdises decompose with hydrofluo-silicic acid, 
forming water, and metallic fluo-silifcates. Many of these 
combinations are soluble, others insoluble ; the latter may, 
therefore, by means of this reagent, be distinguished from 
the former. In the course of analysis it is only applied 
for the detection of barytes. 

§ 44. 
8. OXALIC ACID. (2C0+0 = Ca 03 = 0.) 

Preparation. — This acid is prepared by pouring upon 
one part of starch, contained in a porcelain basin, five 
parts of nitric acid, of 1.42, diluted with two parts of 
water, and applying a gentle heat, till no more nitrous gas 
is evolved. The liquid is then filtered and crystallized ; 
tlie crystals obtained are drained and purified by a second 
crystallization. Oxalic acid must be preserved in the 
form of a powder, as it soon decomposes in solution. 
Pure oxalic acid, when boiled with a small quantity of 
solution of indigo, does not discolour the latter. 

Uses, — Oxalic acid combines with many bases, forming 
salts insoluble in water ; it may, therefore, be used to 
precipitate these bases. Many of the oxalates insoluble 
in water, are easily dissolved by an excess of oxalic acid, 
whilst others dissolve with difficulty in the same men- 
struum. This relation afibrds us^ therefore, a means of 
distinguishing the precipitated bases from each other. 
As all oxalates insoluble in water are soluble in stronger 
acids, (hydrochloric acid, nitric acid,) a complete precipi- 
tation by oxalic acid ensues, in most cases, only when the 
liberated acid is saturated by an alkali. In analysis, 
oxalic acid is of great importance for the detection and 
precipitation of lime. 
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§ 45. 

9. OXALATE OP AMMONIA. (NH^+O, O.) 

Preparation, — ^This reagent is prepared by dissolving 
oxalic acid in water, adding ammonia till a feeble alkaline 
reaction takes place, and crystallising. One part of the 
salt is dissolved in twenty-four parts of water, tor use. 

Uses* — Oxalate of ammonia is conveniently employed 
instead of oxalic acid and ammonia. It possesses this 
advantage over the free acid, that its sohition does not 
decompose on keeping. 

§ 46. 

10. TARTARIC ACID. (C,H4 0io=T.) 

The tartaric acid of commerce is sufficiently pure for 
the purposes of analysis.* It is best preserved in powder, 
since it decomposes with the formation of a white film 
when kept in solution for some time. 

Uses, — The addition of tartaric acid to solutions of iron, 
manganese, chromium, alumina, cobalt, and many other 
metals, prevents their precipitation by alkalies, by the 
formation of double tartrates indecomposible by alkaUes. 
Tartaric acid may, therefore be employed to separate these 
metals from others, the precipitation of which it does not 
prevent. Tartaric acid forms with potash, but ,not with 
soda, a bi-salt difficult of solution ; it is, therefore, one of 
the best means of distinguishing potash from soda. 

"**" § 47. 

11. BITARTRATJ^ OP POTASH. (KO, HO, T.) 

The cream of tartar of commerce is sufficiently pure 
.,<for..the purposes of qualitative analysis. It should be pre- 
^iferved in powder. 

Uses. — Many metals dissolve in hot solution of tartar, 
foiming double tartrates ; others do not. The former may, 
therefore, by means of this reagent, be separated from the 

* In cases where commercial salts are mentioned, well-defined 
jBtyatala ahoold be aelected, — Ed. 
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latt^^^Banalysis, tartar is employed in certain cases to 
sepaRMRide of antimony from oxide of tin. 

§ 48. 

12. ACETATE OP BARYTES. (Ba O, A,) 

Preparation. — This reagent is obtained in the same 
manner as nitrate of barytes, (vide § 33,) substituting, of 
course, acetic acid for the nitric acid. It may conveniently 
be preserved in a dry state, as it is but of rare application. 

Uses. — The acetate of barytes is employed to convert 
sulphates into acetates, (especially sulphate of magnesia, 
and the alkaline sulphates). As these acetates are con- 
verted by heat into carbonates, and as carbonate of mag- 
nesia is insoluble, w^hilst the alkaline carbonates are 
soluble in water, acetate of barytes indirectly serves to 
separate magnesia from the alkalies. 

§ 49 "• 

13. CAUSTIC BARYTES. (Ba 0.) 

Preparation' — To prepare this reagent, one part of 
sulphuret of barium is boiled with twenty parts of water ; 
copper scales are then added in excess to the solution, 
whilst boiHng, till a filtered portion of the liquid causes to 
blacken a solution of acetate of lead. The solution is then 
filtered, "while still hot, and as much water ad(lpd as will 
prevent any considerable portion of the hydrate of bgj^tes 
in solution from crystallizing on cooling. The ss 
water of barytes obtained is kept in well-closed 
Should it contain a small quantity of copper, som? 
phurelted hydrogen must be cautiously added, dtj^di the 
liquid filtered from the precipitated sulphuret of copper. 

Uses. — Caustic barytes is analogous in its atH 
potash, i. e. it precipitates, as a str(^g basf , from 
solutions, those metallic oxides and earths which are i^ 
soluble in water. In analysis, we apply this reagent only 
for the precipitation of magnesia. For this purpose a 
solution of sulphuret of barium may equally well be em- 
ployed, inasmuch as (as is generally the case) it contains 
caustic barytes. Water of barytes may also, like the 
3 
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Tarions salts of barytes, of which we hare alre^^^^BSe^^ 
be used lo precipitate those acids which fomHHmuble 
combinations witn barytas } we generally employ it thus 
only for the detection of carbonic. acid* 

i 50. 

14. FR0T0GHL0RI9E OF TIN. (Sn CI.) 

Preparation. — To obtain this reagent, English tin i» 
reduced to powder, by being fused in an iron spoon, then 
taken from the fire and rubbed in a mortar till it has re- 
assumed the solid state. This pom'der is then, for some 
length of time, boiled with concentrated hydrochloric acid 
in a glass Tessel ; (care must always be taken that the 
mixture contains tin in excess ,) the solution is diluted with 
four times its quantity of water^ slightly acidulated with 
hydrochloric acid, and filtered. The clear Solution is kept 
in a small closed bottle, containing small pieces of metallic 
4in. If this latter precaution be neglected, the reagent 
soon becomes useless, the protochloride being conyerted 
into perchloride of tin. 

Testing. — Pure protochloride of tin, when mixed with 
perchloride of mercury, immediately prepuces a white 
precipitate of protochloride of mercury ; it yields a dark 
Drown precipitate with sulphuretted hydrogen, and is 
neither precipitated nor disturbed by sulphuric acid. . 

Uses. — The great tendency which protochloride of tin 
has to absorb oxygen, and thus to form peroxide of tin, or 

« perchloride of tin, as the oxide at the moment of its 
on, unites with the free hydrochloric acid present, 
it one. of the most powerful means of reduction. 
We employ it, in analysis, for the detection of gold, for 
whiclf purpose it must first be mixed with some nitric acid, 
j^t^mjj^fg: the application of heat ; we -also use it to detect 
^^^HPesence of mercury. 

§ 61. 

16. CHLORIDE OP GOLD* (Au CI .) 

Preparation. — To obtain this reagent, fine shreds of 
gold, which may be alloyed either. wiA silver or with cop* 
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per, are drenched, in a small retort, with aqua regia in 
excess, and a gentl^heat is applied till no more gold ijs 
dissolved. If the gold was alloyed with copper, which is 
detected by the brown red precipitate produced by fer- 
rocyanide of potassium, in a portion of the solution diluted 
with water, Uie gold* solution containing copper is mixed 
with sulphate of iron in excess. The gold becomes re- 
duced, and separates as a fine brownish black powder ; it 
is then washed in a small retort, re-dissolved m aqua re- 
gia, the solution evaporated to dryness in the water-bath, 
and the residue dissolved in thirty parts of water. If the 
gold is alloyed with silver, the latter metal remains undis- 
solved as chloride of silver when treated with aqua regia. 
In this case, the first solution is evaporated to dryness, and 
the residue dissolved for use. 

Uses. — Chloride of gold has a great tendency to yield 
its chlorine to other substances ; it, therefore, easily converts 
protochlorides into perchlorides, protoxides into peroxides 
and perchlorides, &c. These oxidations usually manifest 
themselves by the precipitation of pure metallic gold, in the 
shape of a blackisn brown powder. In analysis, chloride 
of gold serves only for the detection of protoxide of tin, as 
it produces a purple colour or precipitate in solutiona con- 
taining this substance. (Vide infra.) 

§ 52. 

16« CHLORIDE OP PLATINUM. (Pt Clj.) 

Preparation.— r-To obtain this reagent, platinum in pow- 
der is boiled with nitric acid, for the purpose of purifica- 
tion, and then, in a retort with narrow neck, drenched with 
concentrated hydrochloric acid, and some nitric acid ; a 
gentle heat is applied, and, from time to time, some nitric 
acid added, until all the platinum is dissolved. The solu- 
tion is, with the addition of hydrochloric acid, evaporated 
to dryness by a water-bath, and the residue dissolved in 
ten parts of water. 

Uses* — Chloride of platinum forms verjr sparinffly solu- 
ble double salts, with chloricte of potassium and hydro- 
chlorate of ammonia, whilst it enters into no such combina- 
tions with chloride of sodium* It servesj thereforoi to 
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detect ammonia and potash, and is, indeed, for the latter 
substance, nearly the most susceptible reagent we possess. 

^ 63. 
17. ZINC. (Zn.) 

Pure, sublimed zinc, is selected for the purposes of che- 
mical analysis ; it must especially be free nrom arsenic. 
The method described in § 24 may be employed as a test 
to detect the presence of any trace of this latter substance. 
The pure zinc should be fused, and a portion of it gradu- 
ally dropped into a large vessel, containing water; the 
remainder should be poured into wooden moulds, coated 
with chalk, for the purpose of casting it into little cylin- 
ders. 

Uses, — Zinc precipitates many metals in their metallic 
state, by depriving them of their oxygen and acid, owing 
to the great affinity it possesses for oxygen, and its oxide 
for acids. As the precipitated metals vary in colour, form, 
&c., zinc may serve as well for their detection and dis- 
tinction from each other, as for their precipitation. We 
employ it especially for the precipitatiou oi antimony and 
of tin. Zinc is also frequently used for the production of 
hydrogen. 

§ 64. 
18. IRON. (Fe.) 

Iron, like zinc, reduces many metals, and precipitates 
them in a pure state. We employ it especially for the de- 
tection of copper, which is precipitated on it with its cha- 
racteristic colour. All clean surfaces of iron, such as 
knife-blades, needles, pieces of wire, &c., are well adapted 
to this purpose. 

^ 66. 

19. COPPER. (Cu.) 

We employ copper exclusively for the reduction of mer- 
cury, which precipitates thereon as a white coating, which 
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shines with silvery lustre when rubbed. Any copper coin 
scoured with fine sandi in fact, any clean copper surfacei 
may be employed for this purpose. 

b. Special reagents which are particularly employed far 
the detection and separation of acids. 

§ 56. 

1. ACETATE OP POTASH. (KO, A.) 

Preparation. — This reagent is obtained by dissolving 
one part of pure carbonate of potash in two parts of water, 
heating the solution and exactly saturating with acetic acid. 

Uses. — Every salt of potash may serve to produce a 
precipitate of tartar, and, therefore, to detect tartaric acid. 
But the acetate of potash is peculiarly adapted for this 
purpose, as the precipitated tartar is insoluble in the lib- 
erated acetic acid. As this test is rarely employed, it is 
best to prepare it when needed. 

§ 67. 

2. CAUSTIC LIME. (Ca. O.) 

Newly prepared hydrate of lime is agitated and digested 
for some time in cold distilled water, allowed to settle, 
and the clear fluid decanted and kept in well-closed bot- 
tles. Lime-water must impart a bright green tinge to 
Georsina paper, and yield with carbonate of potash no in- 
considerable precipitate. It becomes useless as soon as 
it no longer manifests these properties, which soon takes 
place when it is exposed to the access of air. Besides 
lime-water, hydrate of lime also ought to be kept at hand. 

Uses. — Lime forms with some acids insoluble, with 
others, soluble salts. Lime-water may, therefore, be em- 
ployed to distinguish these acids from each other, as it pre- 
cipitates the former whilst it yields no precipitate with the 
latter. Many of the precipitable acids are precipitated 
only under certain conditions, as e* g. on boiling, (citric 
acia ;) and it is therefore easy to distinguish them from 
each other by altering these conditions. We employ lime- 
water especially for the detection of carbonic acid, and to 
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distinguish from each other paratartaric acid, tartaric acid, 
and citric acid. Hydrate of lime serves, like caustic potash, 
to liberate ammonia, and is in many cases preferable to 
the latter reagent. 

J 68- 

3. SULPHATE -OP LIME. (OaO, SO3.) 

Preparation. — To obtain this reagent, a concentrated so- 
lution of chloride of calcium is mixed with dilute sulphuric 
acid ; the precipitate produced is well washed, digested, 
and for some time agitated with water, then allowed to 
settle, and the clear fluid decanted and kept for use. 

Uses. — Sulphate of lime serves for the further subdi- 
vision of those acids which are precipitable by chloride of 
calcium, as, owing to its difficult solubility, a few acids 
only of that group (oxalic acid, paratartaric acid,) cause 

Erecipitates m its solution. The solution of sulphate of 
me serves, moreover, as a reagent for bases, viz., to distin- 
guish barytes, strontian, and Ume from each other. For, 
of course, it cannot precipitate the latter, whilst it behaves 
with solutions of barytes and of strontian, in the same 
manner as highly dilute sulphuric acid, i. e. it precipitates 
barytes immediately, and strontian only after the lapse of 
some time. 

§ 69. 

4. CHLORIDE OF MAGNESIUM. (Mg. CI.) 

• 

Preparation. —Chloride of magnesium is prepared by 
heating a mijtture of one part of hydrochloric acid and two 
and a half parts of water, and adding basic carbonate of 
magnesia, (magnesias carbonas of the shops,) till the liquid 
ceases to manifest any acid reaction. The solution is once 
more boiled up, filtered, and kept for use. Sulphate of 
magnesia may, in most cases, be substituted for chloride of 
magnesium. 

Uses, — Chloride of magnesium almost exclusively serves 
for the detection of phosphoric acid, as it precipitates from 
the aqueous solutions of phosphates, with presence of am- 
monia, a double salt, (basic phosphate of magnesia and 
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smsraonia)) which is almost insoluble and highly character^ 
tstic in its properties. Chloride of magnesium is, more- 
over, employed as a test of the purity of hydrosulphuret of 
a^mmonia. (Vide \ 26.) 

§ 60. 

6. PROTO-SULPHATB OP IRON^ (Fc O, SO,.) 

Preparation. — To obtain this reagent, a quantity of 
iron nails, (free from rust,) in excess, is heated with dilute 
sulphuric acid till no more hydrogen is evolved ; the so- 
lution is then filtered, and after the addition of a few drops 
<^f dilute sulphuric acid, left to cool. Crystals are imme- 
<liately obtained, if the solution was sufficiently concentra- 
ted, but if more dilute, evaporation must be had recourse to. 
The crystals are washed with water slightly acidulated 
with sulphuric add, dried and preserved. 

Uses. — ^Proto-sulphate of iron has a great disposition 16 
change to persulphate of iron, i. e. to absorb oxygen. It 
acts, therefore, as a powerful means of reduction. We 
employ it especially for the reduction of nitric acid, from 
which it separates nitric oxide, by depriving it of three 
atoms of oxygen. As this decomposition is attended with 
the formation of a characteristic, intensely brownish-black 
coloured combination of nitric oxide with undecomposed 
protosulphate of iron, this reaction is particularly charac- 
teristic and susceptible for the detection of nitric acid. 
Protosulphate of iron serves, moreover, for the detection of 
ferricyanide of hydrogen, with which it produces a kind of 
Prussian blue, and for the detection of gold, which it preci- 
pitates from its solutions in its metallic state« 

NEtJTRAL ACETATE OP LEAD. 

} 61. 
6. SOLUTION OP MAGNETIC OXIDE OP IRON (pERROiiO-PERRIC 

OXIDE.) (FeO, Fcj 3 .) 

This reagent is not kept on hand, but prepared, when 
needed, by mixing solution of protosulphate of iron with 
some perehloride of iron- (Fe O, SO +Pe,Cl .) It 
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serves for the detection of hydrocyanic acid, v/hich, when 
previously combined with alkahes, yields with it a precipi- 
tate of sesquiferrocyanide of iron (Prussian blue.) 

§ 62. 

7. OXIDE OF LEAD. (Pb O.) 

Oxide of lead is employed for the detection of ^ec acetic 
acid, as it forms with no other acid than this, a soluble 
combination with an alkaline reaction. Finely- washed 
litharge answers this purpose sufficiently well. ^Compare 
§ 104, a.) 

8. NEUTRAL ACETATE OP LEAD. (Pb O, A.) 

The better sorts -of commercial acetate of lead are suffi.- 
ciently pure for the purposes of chemical analysis. One 
part is aissolved in ten parts of water for use. 

Uses. — Oxide of lead forms, with a great many acids, 
combinations which are insoluble in water, and are distin- 
guished by their colour^ or by some characteristic property. 
The acetate of lead produces, therefore, precipitates in 
solutions of these acids or their salts, and essentially con- 
tributes to ascertain and characterize several of them. 
Thus, in particular, chromate of lead is distinguished by 
its yellow colour, phosphate of lead by its peculiar relation 
before the blow-pipe, and malate of lead by its easy 
fusibility* 

§64. 

BASIC ACETATE OF LEAD. (.SPbO, A ) 

Preparation. — This reagent is obtained by drenching in 
a well-stopped bottle, seven parts of finely-washed litharge, 
and six parts of neutral acetate of lead, with thirty parts of 
water, and allowing them to stand at a moderate heat, shak- 
ing it from time to time, till the sediment in it has become 
perfectly white. The clear fluid is then decanted and pre* 
served in a well-stopped bottle. This acetate of lead is un- 
fit for use, if it contains copper, which is detected by the 
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blue colour it exhibits on the addition of ammonia, ft must, 
in this case, be purified by digesting it with metalUc lead, 
till all the copper is precipitated. 

Uses. — The basic acetate of lead, like the neutral ace- 
tate, precipitates those acids which form insoluble combi- 
nations with oxide of lead, and, indeed, all those soluble in 
acetic acid, more completely than the former reagent. We 
eniploy it in analysis especially for the detection of sulphu- 
retted hydrogen, for which substance it is nearly the most 
susceptible reagent. It serves, moreover, to neutralize free 
acids, in cases where it is desirable to avoid the application 
of an alkali, e. g. to render solutions of liighly acid nitrate 
of bismuth precipitable by water. 

§ 65. 

HYDRATED OXIDE OF BISMUTH. (Bl + HO.) 

Preparation. — Bismuth reduced to a gross powder is 
projected into pure nitric acid, 1, 2 as long as solution 
takes place ; this process may be promoted by the appli- 
cation of a gentle heat. The solution obtained is diluted 
with about an equal quantit}^ of warm water, (slightly acidi- 
fied with nitric acid,) and then filtered ; the filtrate is mixed 
with from ten to twenty parts of water, and ammonia added 
to the milky fluid, till the reaction becomes perceptibly alka- 
line ; the solutionis then heated, and the precipitate obtained 
washed, first, by decanting the su])ernatant liquid, and then 
rinsing the precipitate upon a filter, and afterwards drying 
it between some sheets of blotting-paper, at a moderate 
heat. 

Uses* — The oxide of bismuth, when boiled \^ith alkaline 
solutions of sulphurets, decomposes with the latter, giving 
rise to the formation of metallic oxides, (corresponding 
with the various degrees of sulphuration of the sulphurets,) 
and of sulphuret of bismuth. It affords us, tnerefore, 
especially, a very proper and efficient means, to convert 
• the sulphuret or bisulphuret of arsenic into arsenious or 
arsenic acid. 
3» 
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§ 66. 
8XTLPHATB OP COPPER. (Ctt O, SO 3.) 

Preparatioru — The blue vitriol of commerce may be 
purified by repeated recrystallization. 

Use^ — Sulphate of copper is employed in qualitative 
aoalysis, for tne precipitation of hydriodic acid, as protio- 
dide of copper. For this purpose a solution of one part 
of the blue vitriol must be mixed with two and a quarter 
parts of protosulphate of iron, or else half of the iodine will 
separate in a free* state. The protoxide of iron, in this 
process, changes to peroxide, by reducing the peroxide of 
copper to protoxide. Sulphate of copper is besides used 
as a test for the detection of arsenious and arsenic acid, 
and it is, indeed, as such very susceptible, but by no means 
characteristic. For this purpose it is best to prepare am- 
monio- sulphate of copper by adding ammonia to a solution 
of sulphate of copper till the precipitate which appears at 
first, is redissolved. We refer to § 94, d. 6, for the man- 
ner in which sulphate of copper is employed, in junction 
with caustic potash, to detect arsenious acid, and especially 
to distinguish it from arsenic acid. Sulphate of copper 
may, moreover, be employed for the detection of ferrocy- 
anide of hydrogen. 

§ 67. 

12. PROTONITRATE OP MERCURT. (Hg^ O, NO^.) 

Preparation.— To prepare this reagent, nine parts of 
nitric acid, of 1.23, are gently heated in a small retort, 
with ten pdrts of mercury, till no more red vapour of ni- 
trous acid appear ; the solution is then boiled for some 
time with the undissolved metallic mercury, taking care to 
replace the water lost by evaporation, till a solution of com- 
mon salt in excess precipitates from a portion of the liquid, 
all the mercury it contains, as a protochloride, so that pro- 
tochloride of zinc produces no precipitate in the filtered 
liquid. The original solution is then shaken until cold ; 
the crystals obtained are pounded, and agitated with 
twenty parts of cold water, to which a very small quantity 
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K^ nitric acid is added. The solution is then filtered, if 
necessary, and kept in a glass bottle, the bottom of which 
is covered with mercury* 

T/ses. -^The protonitrate of mercury acts in a maimer 
analogous to the corresponding salt of silver. In the first 
place, it precipitates many acids, especially the hydracids ; 
and 2, it serves far the detection oi several substances of 
easy oxidation, e. g. of formic acid, since their oxidation at 
the expense of the oxygen of the black oxide of mercury, 
is attended by the highly characteristic precipitaticm of me* 
talltc mercury. 

4 68- 

13. PEROXIDE OF HERCUKT. (Hg O.) 

The peroxide of mercury of commerce is reduced to a 
fine powder, after having been moistened with some alco- 
hol, m order to prevent its minute particles from rising into 
the air. This powder is then kept for use. As a reagent 
it affords us a certain means of detecting hydrocyanic acid, 
since it dissolves in an alkaline fluid only when this acid 
is present (Compare § 100, d.) 

14, PERCHLORIDE OP MBRCUR7. (Hg CI.) 

The commercial perchloride of mercury is suflSciently 
pure for the purposes of chemical analysis. For use, one 
part is dissolved in sixteen parts of water. 

Uses. — Perchloride of mercury yields with various 
acids, e. g. with hydriodic acid, precipitates of the chsurac- 
teristic colour, but it is, nevertheless, one of the less essen- 
tial reagents for the determination of acids. It acts, more- 
over, as a means of oxidation, and allows us to detect the 
presence of easily oxidizable bodies, e, g. of protoxide of 
tin, by the precipitation of protochloride of mercury. 

§ 70. 

AMMONIO-NITRATE OF SILVER. (Ag O, NOs + 2NH3.) 

This reagent is not kept on hand, but preparedt when 
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needed for use, by cautiously dropping caustic ammonia 
into a solution of nitrate of silver^ till the precipitate which 
at first appears is re-dissolved. It serves for tne detection 
of arsenious and arsenic acid in solutions which contain a 
free acid. 

SULPHUROUS ACID. (SO,.) 

Preparation. — To obtain this acid, small pieces of char- 
coal are heated in a retort with six or eight times their 
weight of English sulphuric acid, and the evolved gas isr 
transmitted through water (which must be kept cool) till 
no more sulphurous acid is absorbed. The solution obtained 
must be kept in well-closed bottles. 

Uses. — Siilphurqus acid has a great disposition to be 
converted into sulphuric acid, by the absorption of oxygen. 
It is, therefore, one of our most powerful means of reduc^ 
tion ; it precipitates metallic mercury from its solutions, 
and converts chromic acid into oxide of chromium^ in the 
same manner as protochloride of tin. We employ sul- 
phurous acid principally for the conversion of arsenic acid 
mto arseniouaacid,in order to be enabled* to precipitate 
arsenic more rapidly and more completely, by means of 
sulphuretted hydrogen. (Vide § 93, e,) Before applying 
this reagent^ k is always necessary to ascertain by^its 
odour whether it has undergone decomposition. 

§ 72. 

17. CHLORINE. (CL) 

Preparation.— One part of pounded peroxide of manga- 
nese is drenched in a retort, with from four to five parts 
of commercial hydrochloric acid ; a gentle heat is then 
applied to the retort, and the evolved gas is conducted into 
a jar containing about from thirty to forty parts of water at 
the lowest possible temperature. The chlorine water ob- 
tained must be kept in a well closed bottle, and cautiously 
protected from the influence of light, for if this precaution 
be neglected, it will soon become completely decomposed, 
i. e. converted into dilute hydrochloric acid, with evolution 
of oxygen, (owing to the decomposition of the water.) 
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Uses. — -Chlorine has a greater affinity for metals and 
for hydrogen than iodine and bromine. Chlorine water is» 
thereforci an efficient means of expelling iodine and bromine 
from their combinations. Free chlorine forms with bromine 
chloride of bromine, and with iodine, chloride of iodine> 
and these combinations present a different relation to that 
of the uncombined metalloids ; we must, therefore, in cer- 
tain cases, e. g. when testing for iodine by means of 
starch, (§ 100,) carefully avoid adding chlorine water in ex- 
cess. Chlorine serves, moreover, for the destruction of 
organic substances, by depriving water, which contains 
these substances, of its hydrogen, so that the liberated 
oxygen is enabled to cdmbine with the vegetable elements, 
and thus to effect their decomposition. For this latter 
purpose it is most advisable to evolve chlorine in the fluid 
which contains the organic substances, by adding hydro- 
chloric acid to it, heating it to boiling, and then adding 
chlorate of potash. In this process chloride 9f notassium 
and water are formed, and chlorous acid and chlorine 
liberated. 

} 73. 

18. SOLUTION OP INDIGO. 

Preparation. — One part of pounded iiitti^go^is heated 
with seven parts of fuming sulphuric acid. The solution 
obtained is diluted for use, with so much water tliat the 
fluid just appears still distinctly blue* 

Uses. — Indigo becomes decomposed when boiled with 
nitric acid, giving rise to the formation of oxidation-pro- 
ducts of a yellow colour. It is, therefore, employed for 
the detection of nitric acid, either in its free and uncom- 
bined state or in its salts ; in which latter case, however, 
the nitric acid must first be liberated by means of sul- 
phuric acid. 

§ 74. 

19. STARCH-PASTE. 

Common starch is rubbed with cold water, and the mix- 
ture then heated to the boiling point, being at the same 
time constantly stirred. The paste must be uniform, and 
so thin as almost to run. 
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ITiw.— Starch, when brought into contact with free 
iodine, forms, with this latter substance, a pecaUar dark- 
blue combination, the colour of which is so intense that it 
is distinctly perceptible, even when the two substances 
are brought together, in a hiffhly dilute state. Starch- 
paste is, therefore, a most excellent and delicate test for 
free iodine. It is by far less susceptible with regard to 
bromine, as the fiery yellow colour of bromide of starch is 
far less characteristic and intense than that of iodide of 
starch. 

B.' REAGENTS IN THE DRY WAY. 
1. Fluxes and means of decomposition. 

§ 75. 

1. MIXTURE OF CARBONATE OF SODA AND CARBONATE OF 
• POTASH. 

(NaO, CO,+KO, CO,.) 

Preparation. — Ten parts of dried carbonate of soda are 
rubbed together with thirteen parts of dry carbonate of 
potash ; the mixture is kept in a closed vessel. 

Uses, — ^When silicic acid or siUcates are fused with 
about four parts, (and consequently with an excess,) of 
carbonate oi potash or soda, a basic alkaline silicate is 
formed, (carbonic acid escaping with effervescence,) which, 
being a combination soluble in water, may be separated 
from such metallic oxides as it may peradventure contain, 
and from which hydrochloric acid always separates silicic 
acid in its soluble modification. When a fixed alkaline 
carbonate is fiised together with sulphate of barj^s, of 
stFontia, or of lime, carbonates pf the alkaline earths and 
sulphate of the alkali present, are formed, in which com- 
binations the base, as well as the acid of the previously 
insoluble salts, may now be ascertained with facility. In 
order to enable us to render soluble the insoluble silicates 
and sulphates, we use neither carbonate of potash nor 
carbonate of soda, separately, but the above mixture of 
both, because this mixture requires a far lower degree of 
heat for fusion than either of its components, and thus 



CARBONATE OF BARTTES. NITRATE OF POTASH. T5 

renders it possible to conduct the operation oyer a Ber^ 
zelius lamp. This should always be done in a platinum 
cracible, when no easily reducible metallic oxides are 
present 

§ 76. 

2. CARBONATE OF BARYTES. (Ba 0, COa.) 

For the preparation of this reagent we refer the reader 
to § 33. 

Uses. — When silicates are heated with about six times 
their^ weight of carbonate of barytes till they begin to fuse 
together! the silicates decompose with the salt of barytes, 
in the same manner as with alkaline carbonates^ i. e. su- 
perbasic silicate of barytes is formed, which is easily de- 
composed by hydrochloric acid, the carbonic acid escapes 
and the oxides separate. It is, however, by far more dif- 
ficult to render silicates completely soluble by this method, 
than by means of alkaline carbonates ; and we use car- 
bonate of barytes, therefore, only, when we intend to test 
silicates as to the presence of alkalies. The operation 
with carbonate of barytes is conducted in a platinum 
crucible. 

§77. • 

3. NITRATE OF POTASH. (KO, No^.) 

Preparation. — Commercial saltpetre is dissolved to 
saturation in boiling water. The solution is then diluted 
with a small quantity of water, filtered hot into a glass 
beaker ; this latter put into cold water, and the solution 
stirred till cold. The crystalline powder obtained is 
thrown on a filter and washed with cold water till the 
filtrate is no longer disturbed by nitrate of silver. It is 
then well dried and kept for use. 

Testing. — A solution of pure nitrate of potash must 
neither be disturbed by solution of silver, nor by solution 
of barytes, nor precipitated by carbonate of potash. 

Uses. — Saltpetre serves as a very powerful means of 
oxidation, by yielding oxygen to combustible substances 
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T^hen heated with them. We use it principally to convert 
several metallic sulphuretSt especially the sulphurets of 
tint of antimonyi and of arsenici into oxides and acids ; and 
also for the rapid and complete combustion of organic 
bodies. For this latter purpose, however, nitrate of am- 
monia is, in most cases, preferable : we obtain this by sa- 
turating nitric acid with carbonate of ammonia. 

• 

II. BLOW-PIPE RSAGENT8. 

§ 78. 

1. CHARCOAL. (C.) 

Any kind of completely calcined wood charcoal may be 
used for blow-pipe experiments. The charcoal of pine or 
linden-wood is, however, preferable to any other sort. 
Smooth pieces ought to be selected, as knotty pieces split 
and throw off fragments of the test specimen when heated* 

Uses, — Charcoal is principally used as a support for 
the matter under examination in blow-pipe experi- 
ments, (vide § 12.) The following are the properties 
which render it so valuable in this respect. First, its infu- 
sibility ; 2d, its low conducting power for heat, which 
admits of a substance being heated more strongly upon a 
charcoal than on any other support ; 3d, its porosity, by 
means of which it imbibes easily fusible substances, such 
as borax, soda, &c., whilst infusible bodies remain on its 
surface ; 4lh, its property of reducing oxidized bodies, by 
means of which it co-operates in the reduction of oxides by 
the inner flame of the blow-pipe. Charcoal serves, more- 
over, for the reduction of arsenious acid and of arsenic 
acid, by depriving them of their oxygen, at a red heaU 
Charcoal, for this purpose, is employed either in the shape 
of small splinters, or reduced to powder. Sometimes the 
simultaneous application of an alkaline carbonate is neces- 
sary for the separation of arsenic ; in such cases it is best 
to use a mixture of soda in powder and lamp-black ; this 
mixture is heated in a covered crucible, and kept in a well- 
stopped bottle. 
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§79. • 
2. CARBONATE OP SODA. (Na O, CO,.) 

Preparation. — One part of chrystallized and three parts 
of dri^ carbonate of soda are intimately mixed together 
and then put into the broken-off neck of a retort, or into a 
wide glass tube, or some vessel of that description; one 
aperture is closed by means of a perforated cork, the other 
reoiains open. To the perforated cork a tube is fittedy 
which is connected with a gas evolution flask, in which, 
when the entire apparatus is ready, carbonic acid is 
evolved from Umeslone and hydrochloric acid. We ob- 
tain in this manner bicarbonate of soda. The complete 
saturation of the carbonate of soda with carbonic acid is 
known by the falling of the temperature of the mixture 
which had become elevated in the course of the c^eration, 
and by the immediate extinction of an ignited wood-splint, 
when held before the open aperture *of the tube. The salt 
is then thrown on a filter-funnel and washed with cold 
water, till the liquid which runs off, after supersaturation 
with nitric acid, is no longer disturbed by chloride of 
barium, or by nitrate of silver ; the salt is then dried, and 
heated in a crucible of silver, platinum, or porcelain. Car* 
bonate of soda is thus obtained, one atom of carbonate 
acid being expelled. The purity of carbonate of soda is 
tested like that of carbonate of potash. Hydro- sulphuret 
of ammonia must not alter its solution. 

Uses. — ^We employ carbonate of soda, on account of its 
fusibility, to promote the reduction of oxidized substances 
by the mner flame of the blow-pipe. In fusing it brings 
the oxides into most intimate contact with the charcoal sup- 
port, and allows the flame of the blow-pipe to embrace 
every part of the specimen. But it does not co-operate in 
this process by its matter, or by decomposition. If the 
quantity operated upon is very minute, the reduced metal 
will often be found in the pores of the coal. In such cases, 
the parts surrounding the little hole which contained the 
sample, are taken off with a knife, triturated in a mortar, 
and the coal washed off from the metallic particles, which 
then become visible, either as powder or as small and flat 
spangles, according to their various nature. 
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In many cases, t. g. in the reduction of peroxide of tin, 
it is adrantageous to add some borax to the carbonate of 
soda, in order to render the mass more easily fusible. In 
the second place, carbonate of soda sertes as solvent. It 
is best to use platinum wire as the support, when testing 
whether bodies are soluble in carbonate of soda. For this 

Eurpose the substance is made into a paste with some car* 
onate of soda and water ; this paste is. placed on the loop 
of a platinum wire, and heated. A few only of the bases 
dissolve in melting carbonate of soda, but acids dissolve 
with facility therein. Silicic acid differs from all other 
acids, inasmuch as the glass which it forms with carbon* 
ate of soda, remains clear oh cooling, if, of course, the two 
constituents are present in the right proportion to each 
other. Carbonate of soda is, moreover, applied as a means 
of decomposing, and rendering other bodies soluble, espe^ 
cially the insoluble sulphates, with which it exchanges 
acids, whilst, at the Same time, a reduction of the new- 
formed sulphate of soda to sulphuret of sodium takes place ; 
when fused together with sulphuret of arsenic, both are 
decomposed, giving rise to the formation of sulphuret of 
arsenic and sodium, and of arsenite, or asseniate of soda, 
and thus converting it into such a form as to admit of its being 
reduced by means of hydrogen. Finally, carbonate of soda 
is the most susceptible reagent in the dry way, for the de- 
tection of manganese, since, when fused together in the 
outer flame of the blow-pipe, with a substance containing 
manganese, it produces a green, turbid button, owing to the 
formation of manganate of soda. 

§ 80. 

3. CYANIDE OF POTASSITTM. (KCy.) 

For the preparation of this reagent, vide § 40. 
Uses. — Cyanide of potassium is so powerful as a re- 
ducing agent in the dry way, that it excels in its action al- 
most all other reagents, and, indeed, it separates the radi- 
cals not only from oxygen combinations, but also from sul- 
phur combinations, giving rise, in the first case, to the for- 
mation of cyanate of potash,, by absorbing oxygen, and, in 
. the latter case, to the formation of sulphocyanide of potas- 
sium. We may, by means of this reagent, in the easiest 
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manner (commonly merely in a porcelain crucible over a 
spirit-lamp) obtain pure metals from their combinations, as 
e.g. antimony from antimonious acid or from sulphuret of 
antimony, iron from peroxide of iron, &c. &c. The separ- 
ation of these metals is much promoted by the easy fusi- 
bility of cyanide of potassium. In analysis, this reagent is 
of the highest importance, for the reduction of arsenites 
and arseniates, especially of some of those salts which 
have the heavy metals for bases, and the reduction of which 
by the usual means of deoxidizing succeeds only with 
diflSculty. As cyanide of potassium is not yet universally 
known as a reagent in this respect, I invite particular at- 
tention to its superior usefulness in the reduction of arsenic. 
For experiments on a larger scale, glass tubes are selected, 
rounded at their closed end. The salt which it is intended 
to reduce, e. g. arseniate of silver, is thrown into a tube of 
this description, and covered by a small piece of cyanide 
of potassium ; all moisture is first removed from the tube 
by gently heating it from below upwards ; the cyanide of 
potassium is then heated to fusion and allowed to act on 
the test specimen. The deoxidation begins in a brisk man- 
ner, and with ignition ; it is, therefore, unnecessary to ap- 
ply much external heat, at this point of the operation. Up 
to this time, generally, no incrustation of arsenic appears, 
but if the melting mass be now somewhat more strongly 
heated, the arsenic will, after some time, completely sub- 
lime ; and as the fused mass does notspout, if the interior 
of the tube is perfectly dry and clean, exceedingly beauti- 
ful mirror-incrustations will be obtained. For the reduc- 
tion of very small quantities of compounds of arsenic, we 
use a perfectly dry mixture of equal portions of carbonate 
of soda and of cyanide of potassium, and cover the test 
specimen with about six times its quantity of this mixture ; 
conducting the operation in a small glass tube expanded at 
one end into a small bulb. From sulphuret of arsenic also 
we may completely sublime the arsenic, by fusing the 
sulphuret together with cyanide of potassium. Several 
arsenious and arsenic metallic-salts, when fused together 
with cyanide of potassium, are reduced in such a manner 
as to give rise to the formation of fixed arseniuret, (e. g. 
arseniate of iron.) In such cases no mirror incrustations 
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of arsenic are obtained, which must be borne in nmul. 
As a blow-pipe reagent, cyanide of potassiiun is also 
higUy useful ; its action is indeed extraordinary ; sub- 
stances like peroxide of tin, fiulphuret of tin, &c. &c., 
which for their reduction with carbonate of soda, require 
rather a strong flame, are reduced with the greatest facihty 
when cyanide of potassium is used. In blow-pipe experi- 
ments we always use a mixture of equal parts of carbon- 
ate of soda and of cyanide of potassium, since the cyanide 
of potassium alone fuses too easily. This mixture, be- 
sides its more powerful action, has another advantage over 
carbonate of soda : it is with extreme facility imbibed by 
the porous charcoal, so that the purest metallic globules 
are obtained. 

§ 81. 
bibohate of soda, (borax.) (NaO, 2B, C3.) 

The purity of commercial borax may be tested, by add- 
ing to its solution, either carbonate oi potash, or, after a 
previous addition of nitric acid, solution of nitrate of ba- 
rytes or solution of nitrate of silver. The borax may be 
considered pure if these reagents cause no alteration ; but 
if they either disturb or precipitate its solution, it must be 
purified by recrystallization. The pure crystallized borax 
is exposed to a gentle heat, in a platinum crucible, till it no 
longer swells up ; it is then triturated and kept for use. 

Uses. — Boracic acid shows a grea affinity for oxides, 
when brought into contact with them whilst fusing. It 
combines, therefore, in the first place, directly with oxides. 
2. It expels weaker acids from their salts ; and 3, with the 
co-operation of the outer flame of the blow-pipe, it disposes 
metals, sulphur combinations, and haloid combinations to 
oxidize, in order to combine with the oxides. The borates 
produced, generally fuse readily by themselves, but by far 
more easily when fused together with borate of soda ; the 
latter salt acts in this operation either as a mere flux, or 
by giving rise to the formation of. double salts. In the 
biborate of soda, we have 1, free boracic acid; and 2, 
borate of soda ; and thus, both conditions united, by which, 
as before stated, oxides, sulphurets, metals, &c. are dis- 
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posed for solution and fusion ; borax is, therefore, as a 
blow^-pipe reagent, of the greatest importance in analytical 
chemistry. We generally select platinum wire as support 
in this operation, heating the loop of it to redness, dipping 
it into the borax powder, and holding it in the outer flame, 
"whereby a colourless pearl is obtained. This pearl is 
brought into contact with the test specimen, either when 
still hot, or after being moistened, and thus a small quan- 
tity of the latter attached to it ; it is then again exposed, 
first, to the fl^ime of a spirit-lamp, then to that of the blow- 
pipe, observing the phenomena which appear. The fol- 
lowing points ought to be examined witn especial care : 
1 . Whether the specimen dissolves transparent or not, and 
"whether it retains this transparency on cooling or not. 2. 
Whether this specimen shows a distinct and definite colour, 
which in many cases, e. g. with cobalt, leads to an in- 
stantaneous and certain detection ; and 3. Whether the 
pearls show the same or a different relation in the outer 
and inner flame. Phenomena of the latter kind depend on 
the mutation from higher degrees of oxidation to lower, or 
even to the metallic state, and are for some substances par- 
ticularly significant. 

§ 82. • 

5. PHOSPHATE OF SODA AND AMMONIA. (miCROCOSMIC SALT.) 

(NaO, NH, 0,P0,.) 

P.reparation, — This salt is obtained by dissolving six 
parts of phosphate of soda and one part oi pure sal-ammo- 
niac in two parts of hot water, and allowing the mixture 
to cool. The crystals of the double salt thus obtained are 
purified by recrystallization from the chloride of sodium 
which still adheres to them. They are then dried, pow- 
dered, and kept for use. 

I/ie^.— When phosphate of soda and ammonia is heat- 
ed, the ammonia escapes together with the water of crys- 
tallization. There remains, consequently, a compound, 
which, with regard to composition, (free acid and fusible 
salt,) very nearly approaches borax.. The action of mi- 
crocosmic salt is, therefore, quite analogous to that of 
biborate of soda. We prefer it, however, to borax in many 
cases as a solvent or flux, knowing, by experience, that the 
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glasses which it forms with many substanceSf are more 
beautifully and distinctly coloured than those of borax. 
Platinum wire is equally used as a support when employ- 
ing microcosmic salt as a flux ; it ought, however, here to 
be remarked, that the loop of the wire must be small £md 
narrow, or else the pearl will not stick to it. The opera- 
tion is conducted as stated § 81 in the preceding paragraph. 

§ 83. 

PROTO-NITRATB OP COBALT* (CoO, NO^.) 

Preparation. — To obtain this reagent, an intimate mix- 
ture ot two parts of very finely pounded cobalt, four parts 
of saltpetre, one part of effloresced carbonate of soda, and 
one part of dry carbonate of i potash, is projected in small 
portions into a crucible heated to redness ; the latter is 
then left exposed to the strongest possible heat, till the 
mass, although perhaps not in perfect fusion, yet is melt- 
ins. The mass is then allowed to cool, and afterwards 
reduced to powder and boiled with water ; the impure 
peroxide of cobalt obtained is completely washed, digested 
and heated with hydrochloric acid until dissolved* This 
solution is of a dark green colour, and generally ge- 
latinous, owing to the separation of silicic acid. It is 
evaporated to dryness, the residue boiled with water, fil- 
tered, and carbonate of ammonia added to the filtrate, 
whilst kept-at the boiling point, till all acid reaction c^ses. 
The filtered solution is precipitated by means of carbonate 
of potash, the precipitate obtained washed, and then dis- 
solved in nitric acid. The solution is evaporated to dry- 
ness, at a gentle heat, and one part of the residue dTssolved 
in ten parts of water, for uise. 

Uses. — The protoxide of cobalt, when heated with cer- 
tain infusible substances, forms with tliem combinations of 
divers various characteristic colours, and may, therefore, 
serve for the detection of those substances. Experiments 
of this kind are conducted in the following manner. The 
substance under exsunination, reduced to powder, is heated 
to redness, on a charcoal support, the smallest possible drc^ 
of solution of proto-nitrate of cobalt is then dropped upon 
it, and it is again heated to redness. In this process^ 
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4>xide of zinc assumes an intensely green coIouti alumina 
a blue, and magnesia a feeble rose tint. The rose tint of 
magnesia is of so little intensity that beginners may easily 
overlook this reaction. Silica also, when moistened with 
solution of nitrate of cobalt and heated to redness, assumes 
a feeble blue tintt which ought to be borne in mind when 
tesdng for alumina. The blue compound of the latter is, 
however, by far more beautifully and intensely coloured, 
than that of silica. 



CHAPTER III. 

ON THE RELATION OF THE VARIOUS SUBSTANCES TO 

REAGENTS. 

§ 84. 

As we have stated in our introductory remarks, qualita- 
tive analysis is based on experiments by means of which 
ive endeavour to convert the unknown constituents of a 
substance into forms with the relations and properties of 
which we are familiar, so as to enable us to determine the 
nature of constituents. It is the same with such experi- 
ments as with inquiries and investigations in general. They 
are the better the more certainly they lead to a definite re- 
sult, no matter whether of a positive or negative charac- 
ter. But as a question does not render us a whit the wiser, 
if we do not understand the language in which the answer 
is returned, so an experiment cannot avail us if we do 
not know the manner of expression in which the infor^ 
mation is conveyed to us, i. e., if we do not know what 
conclusion we are to draw from a reagent leaving a body 
unaltered, or producing some phenomenon or other, 
owing to a mutation of form, or state, in the substance 
operated upon. 

Before we can, therefore, proceed to the practice of 
analysis, we must, as an indispensable condition, first really 
and completely know those forms and combinations of sub* 
stances, which are supposed to be known. But this perfect 
knowledge depends firsty on a comprehensive conception of 
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the conditions which are necessary for the formation of the 
new combinations, and thus, in short, for the mani- 
festation of the various reactions ; and 2diy, on a dis- 
tinct impression of the colour, form, and physical pro- 
perties in general which characterize the new combina- 
tions. 

It is, therefore, of paramount importance to the stu(^nt, 
not merely theoretically to study this branch of qualitative 
analysis, but also, by actual experiments, to verify every 
part of it. To teach the relation of the various bodies to 
reagents, it is usual, in works like the present, to treat of 
the substances individually and separately, and to point 
out their characteristic reactions. I have, however, in the 
present work, deemed it more judicious and better adapted 
to its elementary character, to collect into groups those 
substances which are in many respects analogous, and 
thus, by confronting their analogies with their differences, 
to place the latter in the clearest possible light 

A. RELATION OF THE METALLIC OXIDES. 

§ 85. 
First Group. 

POTASH, SODA, AMMONIA. 

Properties of the Groups—The alkalies are easily solu- 
ble in water, as whether in their pure — or caustic state— 
or as sulphurets and carbonates. They, therefore, do not 
precipitate each other, neither in their pure state nor as 
carbonates, nor are they precipitated by sulphuretted hy- 
drogen imder any condition whatever. The solutions of 
the purer alkalies, as well as of their sulphurets and car- 
bonates, tinge reddened litmus paper blue, and impart an 
intensely brown tint to turmeric paper. 

Special reactions characteristic of the individual sub- 

. stancest 

a. POTASH. (K O.j 
1. The salts of potash are not volatile in the heat of a 
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spirit-lamp. They almost all dissolve in water with facility. 
Their solutions are colourless provided the constituent acid 
be so. The neutral salts of potash with strong acids, do 
not affect vegetable colours. Carbonate of potash is of 
difficult crystallization. The dry salt as well as the crys- 
tals, (KO, CO3, 2aq.) which are formed in concentrated 
aqueous solutions of carbonate of potash, when allowed to 
stand for some time, deliquesce with rapidity when exposed 
to humid air. 

2. Chloride of platinum produces in the neutral and acid 
solutions of the salts of potash, a yellow crystalline heavy 
precipitate. (Chloride of platinum and potassium. K 
C1+ P+ Clj.) In concentrated solutions, the formations 
of this precipitate is immediate, in dilute solutions it takes 
place after a short time, and frequently even after 
the lapse of some time. The presence of free hydrochloric 
acid promotes its formation. It is difficultly soluble in 
xvater, and wholly insoluble in alcohol. Chloride of plati- 
num is, therefore, a particularly delicate test for salts of 

Eotash when the latter is in alcoholic solution. Care should 
e taken to avoid confounding chloride of platinum and 
potassium with chloride of platinum and ammonium. 

3. Tartaric add produces, in neutral or alkaline solutions 
of salts of potashi (to alkaline solutions the reagent must 
be added till a strongly acid reaction becomes manifest,) a 
white, quickly subsiding, granular crystalline .precipitate 
of bi-tartrate of potash. (KO, HO, T.) In concen- 
trated solutions this precipitate is formed immediately, in 
dilute solutions frequently only after the lapse of some time. 
Violent agitation of the liquid considerably promotes the for- 
mation of the precipitate. Free alkalies and free mineral 
acids dissolve the precipitate ; it is difficultly soluble in 
cold, but more easily so in hot water. 

4. When salts of potash, by means of a platinum vrire, 
are held in the summit of the inner blowpipe Jlame, the 
outer flame assumes a violet tint, owing to a reduction of 
potash, and a reoxidation of the potassium thus formed. This 
reaction is hardly perceptible in phosphates and borates of 
potash. The presence of soda renders it completely im- 
perceptible. 

5« When a salt of potash is heated with a small quantitjf 
4 



of Wttler, akoM added^ aad the latter ignited^ die flaone 
Mppears viourf . The pretieBee of loda seader» this reac- 
tioii also imp^eeptiblei. 

b. SODA. (Na CX) 

1. The aalta of soda present the same genexsl relations 
as those of potash. Carbonate of soda crystallizes readily ; 
the crystals (Na O, CO, + 10 aq.) effloresce rapidly when 
exposed to dry air. 

2. If a neutral or alkaline solution of a soda salt he mix- 
ed with a solution of neutral anttmonimte t/f potash,* a 
white granular crystalline precipitate, ANtiKONiATE of 
SODA (Na O, Sb Of ) is formed; (in concentrated solutions, 
almost immediately, in dilute solutions after the lapse of 
some time.) Violent agitation of the mixture promotes the 
Separation of the precipitate very much ; rubbing the inner 
siaes of the ressel with a glass rod is eren more effectiye. 
Even in solutions of soda, diluted to the extent of 1000 to 
1, we observe, after the lapse of some time, a certain milk- 
iness, and, finally^ the formation of a crystalline precipitate. 
This reaction is not interfered with by the presence of salts 
of potash ; the presence of carbonate of potash^ in excess, 
alone has a prerentive influence on the formation of the 
t)recipitate, smce antimoniate of soda dissolyes more readily 
m solution of carbonate of potash, than in water. The 
presence of free acids must always be avoided, since they 
separate from the reagent, bi-antimoniate of potash, or hy- 
drate of antimonic acid, in the form of a white precipitate. 

3. Salts of soda e;q)osed on a platinum wire to the inner 
blow-pipe flame, colour the outer flame intensely tbl- 
Low, owing to a reduction of soda, and a re-oxidation of 
the soditun formed. This reaction is visible even if a 
large quantity of potash is mixed with the soda. 

^ * iThis reagent is p^pared by exposing fifty parts of antimoniam 
dlaphoxeticum ablntnnvnuxed with twenty and four tenth parts of pure 
carbonate of potash, to a red heat for half an hour. The ernmbling 
saass is ke^t in a weB^stopped glass vessel. The solntioa is prepaied 
by dzeBchmg four parts of the powder with one hundred parts of 
warm water, aUowing it to digest, and to cool completely, and then 
Altering the solution and preaerring the clear filtratOj protected firom 
the aeeesa of air. 
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4. When a sak of soda is helped with a tsmtHl qoanfity 
of wateri alcchol ad<ied» and the latter ignited^ the flame 
appears strongly yellow* The piresence of a salt of 
potash has no preroitite mflaence obi this rsaction* 

5« Chloride ofplatinam produces no precipitate in so* 
luttons of soda : tartaric acid only when they are hi^Iy 
concentrated. The BrrAET&TB of sonAf (Na O, HO, T+ 
» 2 aq.) which crystallizes out in such casesHippears always 
in the shi^ of small needles and columns, and not, like 
the corresponding salt of potash, in the fcnrm of a granular 
crystalline precipitate. 

C. AMMOKU. (NH4 O.) 

1 . All salts of ammonia are volatile at a high tempersr 
ture, either with decomposition, or remaimsg in combine* 
Xiao. Most of them are easily soluble in water. Their 
solutions are colourless. The neutral ammoniacal com* 
pounds with strong acids do not alter vegetable coloux^. 

2. When salts of ammonia are triturated with hydrate 
of Zme,«with the additi(»i of a few drops of water, or when 
they are heated, either in a sdid form or in solution, with 
solution of potash, ammonia becomes liberated in its 
gaseous state, and manifests itself, 1 , by its characteristic 
odour ; 2, by its reaction on moistened test-papers ; and 
3, by giving rise to the formation of white jumes^ when 
any object (e. g. a glass rod) moistened with hydrochloric 
acid, nitric acid, acetic acid, any volatile acids, is brought 
in contact with it. These ftimes are caused by the forma- 
tion of fixed salts, produced by the c(NitaGt of the gases in 
the air. Hydrochloric acid is the most delicate test in this 
experiment ; acetic acid, however, less easily admits of 
any mistake. 

3. Chloride of platinum shows the same relation to salts 
of ammonia as to salts of potash ; the yellow precipitate 

of CHLORIDE OF PLATHCUM AND AMMONITTM (NH4 Cl+P-H 

Cls) has, however, a somewhat lighter colour than chloride 
of platinum and potassium. 

c- Tartaric acid produces in solutions of salts of ammo- 
nia a precipitate of bitartrate of ammonia, (NH^ O, 
HO, %) which is formed in the same manner, and under 
the same circumstances as the corresponding salt of potash^ 
1 but is somewhat more soluMe than me latter. 
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Recaqnttdation and remarks, — Salts of potash and of 
soda are not volatile at a common red neat; salts of 
ammonia volatilize easily. The latter may, therefore, be 
easily separated from the former by the application of a 
red heat. The surest test of ammonia is its expulsion by 
lime or potash. Salts of potash can only be detected 
when salts of ammonia are removed, since both show the 
same or similar relations to chloride of platinum and tar- * 
taric acid. Potash is characterized with certainty by 
either of these two reagents, when ammonia is removed. 
Soda can only be positively detected by the figure of crys- 
tallization, and the properties of some of its salts by its be- 
haviour with antimoniate of potash, and by the colour which 
its salts impart to the flame of the blow-pipe, and to that of 
alcohol. When testing for soda with antimoniate of pot- 
ash, ammoniacal salts must not be present, as they also 
yield precipitates with the same reagent. If the soda is 
combined with potash in alkaline soluti(»i, and we intend 
to test for it with antimoniate of potash, acetic acid, or 
hydrochloric acid, must first be added, until the •alkaline 
reaction has nearly but yet not completely disappeared. 
If the fluid under examination contains a free acidy pure 
carbonate of potash is added, until the solution has acquired 
an incipient alkaline reaction. 

§ 86. 
Second Ghroup. 

BARTTES, STRONTIAN, LIME, MAGNESIA.. 

Properties of the group. — ^The alkaline earths are solu- 
ble in water, in their caustic state and as sulphujrets. 
Magnesia, however, is very difficult of solution. These 
solutions manifest alkaline reactions. The neutral carbo- 
nates and phosphates of the alkaline earths are insoluble 
in water. The solutions of the saltd of the alkaline earths . 
are, therefore, not precipitated by sulphuretted hydrogen, 
under any condition, but alkaline carbonates and phos- i 
phates do precipitate them. This relation distinguishes 
the oxides of the second group from those of the first. 
The salts of the alkaline earths are colourless, partly 
itoluble, partly insoluble, and not volatile. 
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Special Reactions, 

a. BARTTE8. (Ba O.) 

1. Ammonia causes no precipitate in the solutions of 
salts of barytes ; potash only when they are concentrated. 
Water re-dissolves the precipitate of hyd&ats or barttes 
(Ba O+aq.) which is formed. 

2. Alkaline carbonates throw down from solutions of 
barytes carbonate op barytes, (Ba O, CO,.) in the 
form of a white precipitate. In acid solutions, however, 
complete precipitation takes place only on boiling ; the 
same is the case when carbonate of ammonia is employed 
as the precipitant. The presence of salts of ammonia 
does not prevent this precipitation. 

3. Sulphuric acid, and all the soluble sulphates, pro- 
duce, even in the most highly diluted solutions of barytes, 
immediately, a Ane white precipitate, sulphate of 
barytes. (Ba O, SO3,) which is msoluble in acids and 
alkalies. 

4. Hydroftuo-silicic acid precipitates from solution of 
barytes siLicoFLtJORinj: op barium, (3 Ba FH-2 Si FI3,) 
in the form of a colourless, crystalline, quickly-subduinff 
precipitate. In dilute solutions this precipitate is formed 
only after the lapse of some time ; hydrochloric acid and 
nitric acid dissolve it, but only to a hardly perceptible 
extent. 

5. Phosphate of soda causes in neutral or alkaline solu- 
tion, a white precipitate of phosphates of barytes, 
(Ba O, POs) which is soluble in free acids. Addition of 
ammonia neither increases the quantity of this precipitate, 
nor promotes its formation. 

6. Oxalic add causes only in concentrated solutions a 
white precipitate of oxalate of barytes, (Ba 0, 04-aq.) 
which is soluble in acids. But if ammonia be added, the 
reaction is by far more susceptible, and the solution must 
be highly dilute indeed if no precipitate is formed. 

7. Salts of barytes, when heated virith diluted spirit 
of wine, impart to the flame of the latter a but Uttle cha- 
racteristic YELLOWISH colour. 
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b. STBOMTIAlf. (^O.) 

1. Salts of Btrontian show completely the same rela- 
tions as salts of barytes, to ammonia and potashj as well 
as to the alkaline carbonates and to phosphate of soda, 

2. Sulphuric acid and sulphates precipitate from solu- 
tions of strontian, stiiiPH ate OP STBONTIAN, (Sr O, SO,,) 
in form of a while powder, which is insoluble in acids and 
dkalies. Sulphate of strontian is by far more soluble in 
water than sulphate of barytes, owing to which the preci- 
pitate in rather dilute solutions is generally only formed 
after the lapse of some time ; and tnis is always the case 
(eyen in concentrated solutions) if solution oj gypsum is 
employed as the precipitant. 

3. hydrofluO'silicic add does not cause any precipi- 
tate, even in concentrated solutions of stronfian. 

4. Oxalic add precipitates even from rather highly 
dilute solutions, after the lapse of some time, oxalate of 
STRONTIAN, (Sr O, 6+aq.) as a white powder. Addition 
of ammonia promotes the formation of tne precipitate, and 
considerably increases its quantity. 

5. If such salts of strontian as are soluble in water or 
alcohol, be heated with diluted alcohol^ and the latter 
ignited, they impart to its flame, especially on stirring, an 
intense carmine red colour. This colour must not be 
confounded with that which salts of lime communicate to 
the flame of alcobolr 

C. LIMB. (Ca O.) 

1. Ammonia^ pota^shy alkaline^ carbonaiesj Bud phosphate 
of soda, show the same relations to salts of lime as to salu 
of barytea. 

a. Sulphuric add and sulphate cfsoda produce in bigh^ 
ly-concenirated solutions ot lime immediately, white pre- 
cipitates of STTLPHATB OF LIMB, (Ca 0, SOg, HO+aq.) 
wnich are c<»npletely dissolved by a large proportion of 
water, but are far more soluble in acids than in water. In 
less concentrated solutions the precipitates are only formed 
after the lapse of some time ; and no precipitation wha^ 
ever takes place in highly dilute solutions. Solution of 
gypsum, of course, cannot produce any precipitate ; but 
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eveii. a cold saturated aolution of sulphate of potash, mixed 
with aa equal quantity of water, produces no precipitate 
in soltttioas of luiie, at least never immediatelj. If solu- 
tions of lime are so highly dilute, that sulphuric acid causes 
BO precipitation in them, a precipitate is inunediately 
fonoMd on the addition of alcohoL 

d. Hydr^fio-nUctc^Lcid do^ not precipitate sidts of 

4L. Oxalic ocul produces a white precipitate of ozalitb 
<»* I.IME, (Ca O, 0+2 aq.) even in highly dilute neutral 
solutions of lime. AxlditicHi of ammonia promotes the for- 
saation of this precipitate, and increases its quantity. Oxa- 
late of lime is easily soluble in hydrochloric acid and nitric 
sbcid, but not in acetic acid, nor in oxaUc acid. 

Soluble salts of lime, when heated with dilute mleoholf 
impart to the fl^une of the latter a yellowish red colour, 
wiuch is often confounded with that caused by strontian. 

4, MAGNESIA. (MgO«) 

1 . Ammmia throws down from the solulions of neutral 
salts of magnesia, a portion of the magnesia as hydrate 
OF magnesia, (Mg O, HO,) in the form of a white bulky 
precipitate. The other portion of magnesia remains in so- 
lution, combined with the salt of ammonia to which the 
decomposition has given rise, and forming with it a double 
salt, not decomposible by ammonia. This disposition of 
the salts of magnesia to form such double salts with salts 
of ammonia, is the cause that salts of magnesia are not pre- 
cipitated when salts of ammonia are present, or, what is in 
fact the same, that ammonia does not produce any preci- 
pitate in acid solutions of magnesia, and that a precipitate 
caused by ammonia, in neutral solutions, is re-dissolved on 
|he addition of a salt of ammonia. 

2. Potash and caustic barytes precipitate from solutions 
of magnesia, hydrate of magnesia. The formation of 
this precipitate is much promoted by boiling. Salts of am- 
monia redissolve the precipitated hydrate ; and no precipi- 
tate is formed at all, if they are mixed in sufficient quantity 
with the magnesia solution, befcwre the addition of the pre- 
cipitant. But it will, <^ course, make its appearance ii the 
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solntion be then boiled with an excess of potash, for in 
that case the condition of its remaining in solution, i. e.tfae 
salt of anmionia, becomes decomposed and is thus re- 
moTed. 

3. Carbonate of potash causes in neutral solutions of 
magnesia a white precipitate, a compound of one bquiy- 

ALENT or HYDRATE OF MAGNESIA, AND THREE EQUIVA- 
LENTS OF CARBONATE OF MAGNESIA. (Mg O, HO +3 

Mg Oy CO^O The fourth part of the carbonic acid con- 
tained in the carbonate of potash becomes liberated on the 
decomposition of this salt, and combining with a portion of 
the new-formed carbonate of magnesia, keeps this part in 
solution as a bicarbonate of magnesia. This carbonic 
acid may be expelled by boiling f the application of heat to 
the solution, therefore, promotes the formation and in- 
creases the quantity of the precipitate. Salts of ammonia 
prevent this precipitation also, and re-dissolve a precipitate 
already formed. 

4* Carbonate of ammonia does not precipitate solutions 
of magnesia when cold, and but impenectly when boiling. 
The addition of salts of ammonia completely prevents the 
formation of a precipitate. 

Phosphate of soda precipitately phosphate of magne- 
sia (2 Mg O, PO3) as a white powder, from solutions of 
magnesia, provided they be not too highly dilute. The 
precipitation is much promoted by boiling the solution. 
But if ammonia be added to even a highly diluted solution 
of magnesia, no matter whether before or after the addi- 
tion 01 the phosphate of sodai a white crystalline precipi- 
tate of BASIC phosphate OF MAGNESIA AND AMMONIA 

(2 Mg 0, NH, O,) (PO, + 2 HO + 10 aq.) is formed. 
Its separation from dilute solutions is much promoted by 
violent stirring (with a glass rod,) if even the solution is too 
highly diluted as to admit of the formation of a precipitate ; 
yet, white lines appear after some time in those places of 
the sides of the vessel which have been touched by the 
glass rod whilst stirring the fluid. Muriate of ammonia 
and salts of ammonia, in general, do not dissolve the basic 
phosphate of magnesia and ammonia, but it is soluble in 
free acids, (even in acetic acid.) 

6. Oxalate of ammonia (but not free oxalic acid) pro* 
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duces a white precipitate of oxalate of maonb&ia. (Mg 
O, o + 2 aq.) Salts of ammonia prevent its formation. 

7. Sulphuric acid and hydrofluo-silicic add do not pre- 
cipitate salts of magnesia. 

8. If magnesia, or a salt of magnesia, be moistened with 
solution of pro^omVa^e of cobalt^ and for some time ex- 
posed on a coal to a strong blow-pipe flame^ a fjbeblt 
FLBSH-coLouRED mass is obtained, the tint of which only 
becomes distinct on cooling, but is never very intense. 

Recapitulation and remarks.— Th^ difl^ult solubility 
of the hydrate of magnesia, the easy somDility of the 
sulphate of magnesia, and the disposition of salts of mag- 
nesia to form double salts with salts of ammonia, are 
the three main points in which magnesia differs from the 
other alkaline earths. To detect magnesia, we remove 
always first barytes, strontian, and lime, if they are present; 
and we effect this purpose, either by boiling with carbon- 
ate of ammonia with addition of sal ammoniac, or by 
means of sulphate of potash and of oxalate of ammonia, 
with addition of sal ammoniac, and then select for the de- 
tection of magnesia, the reaction with phodphate of soda, 
with addition of ammonia. The detection of barytes is al- 
ways easy, for the immediately fonping precipitate which 
it yields with solution of gypsum, and its reaction with 
hydrofiuo silicic acid, leave no doubt as to its presence. 
Strontian may also easily be detected by its relation to so- 
lution of gypsum, except in cases where barytes is present. 
It must, therefore, in such cases first be separated from 
barytes. This separation may best be effected by con- 
verting both earths into dry cnlorides, and digesting the 
latter with absolute alcohol. The chloride of strontian dis- 
solves -whilst the chloride of barium remains undissolved. 
When testing for strontian by means of the alcohol flame, 
we must avoid confounding the colour it imparts to it, with 
that commimicated by salts of lime. For tne detection of 
lime, oxalic acid is always selected. Barytes and strontian 
must, however, first have been removed by means of sul- 
phate, of potash, since they manifest with oxalic acid an 
analogous reaction, only varying in intensity. On the 
separation of barytes and strontian, by means of sulphate 
4* 
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of potaeh, it may possibly happen that also a portioii of the 
lime-precipitates. This is, howeTer, a matter of indiffer- 
encei since, at any rate, sufficient remains dissdved in the 
fluid to admit of its presence being ascertained with in- 
dubitable certainty, by means of oxdic acid. 

§ 87. 
TTiird Group. 

ALLVMINA, OXIDE OF CHROMIUM. 

Propertiefi^f the group. — Alumina and oxide of chro- 
mium are bfflSi in their pure state, and, as hydrates, inso- 
luble in water. They form no neutral salts with carbonic 
acid* Their sulphur combinations cannot be formed in 
the humid way. Sulphuretted hydrogen, therefore, doea 
not precipitate solutions of alumina or oxide of chromium; 
hydrosulphuret of anmionia precipitates the hydrated 
oxides from these solutions* This relation to hydrosul- 
phuret of ammonia distinguishes the oxides of the third 
&om those of the two preceding groups. 

Special Reactions. . 

a. AI^UMIICA- Al, O3,) 

1 . The salts of allumina are colourless, for the most part 
TH>t volatile ; some of them are soluble, others insoluble. 
The soluble salts redden litmus paper and lose their acids 
when heated to redness. 

2. Potash throws down from the solutions of alumina a 
bulky precipitate of hydr,atb of alumina, (Ah O3+HO,) 
containing potash, which easily and completely dissolves 
in an excess of the precipitant, but may again be preci- 
pitated from this solution \y the addition of hydrochlorate 
of ammonia, even when the solution is cold, but more com- 
pletely on heating it. The presence of salts of ammonia 
does not prevent this precipitation by potash. 

3. Ammonia also produces a precipitate of htdrate 
OF ALUMINA ; and this precipitate also is redissolved by a 
very cwisiderable excess of the precipitate, but only in 
sucli cases where the solution of alumina contains no salts 
of potash or soda. But if a certain quantity of these salts 
is present, ammonia is not able to redissolve the precipi- 
tate first formed. 
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• 

UpoR dus relalioB, the complete nracipitation of tbe 
hydrate of alomiaa frcHm a potash sotutioii, by means of 
kydrochlorate of amiatoiUa, depends. For ia tois process, 
potash and hydrochlorate of ammonia mutually decompoae, 
giviag rise to the formation of chloride of potassium and 
of ammonia ; and ammonia not being able to maiiitam the 
hydrate of shimiaa in solution, when a salt of potash is 
present, this hydrate ^f course precipitates. 

4. If alumina* or a compouiM of alumifts, be heated to 
redness, on charcoal, before the blow-pipe, and then mois* 
tened with a few drops of solution of protonitrate cfcobalt^ 
and again strongly heated, an unfused mass of a deep sky- 
blue colour is obtained, a compound of the two oxides. 
The colour becomes distinct only on cooling. By candle- 
light it appears violet. 

b. OXIDE or cnnoMiuH, (Cr, O,.) 

1. The solutions of the compounds of oxide of chro^ 
miumt have always, even when highly diluted, either an 
emerald-green or a nigrescent violet colour. The soluble 
neutral salts of oxide of chroniium redden litmus paper, 
and are decomposed by heat. 

2. Potash produces in solutions of oxidp of chromium^ * 
a bluish green precipitate of utdr,atsi> ox^de of chromium 
(Cr 20,+HO) which easil^ ^nd completely redissolves 
in an excess of the precipitant, imparting an emerald-green 
colour to the fluid. If this solution is kept constantly 
boiling for a certain time, the precipitate completely sepa- 
rates again, so that the supernatant liquor appears perfectly 
colourless. The dissoWed hydrated oxide of chromium is 
also precipitated, if the potasn solution is mixed with hy- 
drochlorate of ammonia and heated. 

3. Ammonia produces the same precipitate of htdrated 
OXIDE OF CHR0MIUM4 An excess of the precipitant redis- 
«olves it to a small extent, at a low temperature, but the 
precipitation is complete, if the solution is boiled after the 
addition of ammonia in excess. 

4. If oxide of chromium, or a compound of this sub^ 
stance, are fused together with nitre^ chromatb of pot- 
ash, (KO, Cr O ,) is obtained in all cases ; in this process 
a p(Nl;i<Hi of the oxygen of the nitric acid leaves its com* 
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bination, and forms with the oxide of chromium, chromic 
acid, which then combines with the potash of the decom- 
posed saltpetre. For the Reaction of Chromic Acid, vide 

infra, ^^^7 ^' 

5. Phosphate of soda and ammonia dissolves oxide of 
chromium and its salts, as well in the oxidizing as in the 
reducing flame.of the blow-pipe, giving rise to the forma- 
ticm of clear, feebly yellowi&h-green glass, the colour 
of which changes to emerald-green, on cooling. Borax 
manifests a similar relation. 

Recapitulation and remarks. — The solubility of the 
hydrates of chromium and alumina, in potash and their 
precipitation from potash solutions, by means of hydro- 
chlorate of ammonia, allows us, in the first place, to sepa- 
rate them from the oxides of other groups, and affords us, 
in the second place, a certain means of detection for 
alumina, when no oxide of chromium is present* If the 
latter, therefore, is present — which we may ascertain either 
by the colour of the solution, or, at any rate, by the re- 
action vnth phosphate of soda and ammonia, — it must be 
separated before we can proceed to test for alumina. This 
separation may be effected most completely by fusing the 
mixed oxides together "with nitre. The precipitation of 
oxide of chromium, by means of boiling its potash solu- 
tion, is also a sufficiently exact indication ; it gives, how- 
ever, frequently rise to mistakes. 

§ 88. 
Fourth Group* 

OXTDE OF ZINC, PROTOXIDE OF MANGANESE, OXIDE OF 
NICKEL, PROTOXIDE OF COBALT, PROTOXIDE OF IRON, 
PEROXIDE OF IRON. 

Properties of the group. — The sulphurets correspond- 
ing with these oxides, are more or less soluble in dilute 
acids, but insoluble in water, alkalies, and alkaline sul- 
phurets. The solutions of the salts of these oxides, are, 
therefore, not at all precipitated by sulphuretted hydrogen, 
when they contain free acid, and either not at all, or at 
least but incompletely, when they are neutral, but coat- 
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pletely, when they are alkaline, or when an alkaline sul* 
phuret is employ^ instead of sulphuretted hydrogen. 

Special Reactions. 

a. OXIDE OF ZINC. (Zn O.) 

1. The compounds of oxide of zinc are colourless. Its 
soluble neutral salts redden litmus paper, and are easily 
decomposed by heat, with the exception of sulphate of 
zinc, which can bear a sUght degree of red heat. 

2. Sulphuretted hydrogen precipitates from neutral 
zinc solutions, a portion of the zinc as white sulphuret 
OF ZINC (Zn S.) In acid solutions no precipitate is 
formed, if the free acid present be one of the stronger 
acids. 

3. Hydrosulphuret of ammonia throws down from 
neutral as sulphuretted hydrogen does from alkaHne solu- 
tions, all the zinc they contain, as sulphuret of zinc, in 
the form of a white precipitate. This precipitate is not 
redissolved by hydrosulphuret of ammonia in excess, nor 
by potash or ammonia ; it is sparingly soluble in hydro- 
chloric acid, but easy of solution in aqua regia. 

4. Potash and ammonia throw down from solutions of 
zinc, HYDRATED OXIDE OF ZINC (Zs 0, HO) in the form 
of a white gelatinous precipitate, which is easily and com- 
pletely redissolved by an excess of the precipitant. 

5. Carbonate of potash moixices a precipitate of basic 
CARBONATE OF ZINC 3 (Zn O, HO) + 2 (Zn O, CO,) 
which is insoluble in an excess of the precipitant The 
presence of salts of ammonia prevents its formation, or 
they redissolve it when already formed, giving rise to the 
formation of double salts of oxide of zinc and ammonia. 

6. Carbonate of ammonia produces the same precipi- 
tate as carbonate of potash; addition of carbonate of 
ammonia in excess redissolves it. 

7. Oxide of zinc, or a salt of oxide of zinc mixed with 
carbonate of soda, and exposed to the reducing flame of 
the blow-pipe, covers the coal support with an incrustation 
of OXIDE OF ZINC, presenting a yellow colour, as long as it 
is hot, and changing to white, on cooling. This is caused 
by the reduced metaUic zinc volatilizing at the moment of 
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ili redaedon, «id reondiziiig ia paising tharaugHtlie ooter 
flame. 

8. If oxide of zinc, or a salt of zinc, be moistened with 
solution of protonitraU <j^ cobali^ and heated before the 
blow-pipe, an mxfused beautifully oreen coloured mass is 
obtained, consisting of a eombinatioiL of oiide of zinc with 
protoxide of cobalt. 

b^ PfiOTOXIOE OW MANGANESE. (Mn 0.) 

1. The protosalts of manganese ar« colourless or of a 
pale red ; some of them are soluble, others insoluble. 
The soluble salts are decomposed by a red heat, with the 
exception of protosiilphate of manganese. The sdutions 
of the manganese salts do not alter vegetable cdours. 

2. Sulphuretted hydrogen does not precipitate acid nor 
neutral solutions of prototoxide of manganese. 

3. Hydrosulpkuret of ammonia throws down from neu- 
tral solutions, as sulphuretted hydrogen does from alkaline, 
all the manganese they contain, as sulphitret or ieanga- 
KBSE (Mn S) in the form of a bright flesh-coloured preci- 
pitate, which changes to a dark-brown when exposed to 
the air ; this precipitate is insoluble in hydrosulphuret of 
ammonia and in alkalies, but easily soluble in hydrochloric 
acid and nitric acid. • 

4. Potash and ammonia produce whitish precipitates of 

HYDRATED PROTOXIDE OF MANGANESE, (Mu O, HOy) 

which, when exposed to the air, soon change to a brownish, 
and at last, to a dark blackish brown colour, owing to the 
hydrated protoxide being converted into hydrated peroxide, 
by the absorption of oxygen from the air« Ammcmia and 
carbonate of^ ammonia do not redissolve this precipitate ; 
but sal ammoniac prevents the precipitation by ammonia 
completely, and that by potash partly. Solution of sal 
anmioniac redissolves only those parts of the already- 
formed precipitates which have not yet undergone a higher 
degree of oxidation. The solution of the hydrated protox- 
ide in sal ammoniac depends on the disposition of the pro- 
tosalts of manganese to form double salts widi salts of 
ammonia. The pellucid solutions of these double salts 
become brown, when exposed to the air, and depose dark- 
brown peroxide of manganese. 
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d. If any compmaiA of maaganese be faaed wiik ear- 
b&nate of soda^ on « plaliiium wireip in the €uter flamef 
MAN6ANATB OF SODA is formed; which makes the test 
speciineii appear miBEV, as Long as k is hot, butf after 
cocdaag, ^ n Idaish green and opaque. This reaction 
enables lis to d^»ot the smaUest auantitiias of manganese* 
Tbedelicacy of the test is stiU further increased if a niinute ^ 
quantity of nitre is added to the carbonate of soda. 

6. Sorax and phosphate (^ soda and ammonia dis- 
solve man^mese compounds, in die cuter flame of the 
blow-pipe, giving rise to the formation of clear and violeT'- 
RED gbuKses, whidi, on coolings i^pear of an amethyst 
red, and lose their colour vrfaen exposed to the inner flame, 
owing to the peroxide becoming reduced to protoxide. The 
glass which borax forms with manganese, appears black 
when containing a considerable proportion of peroxide of 
manganese, but the glass formed by phosphate of soda 
and ammonia, never loses its transparency. The latter, 
when exposed to tlie inner flame, becomes colourless fax 
more easily than the former. 

e. OXIDE OF NICKEL. (Nl O.) 

1. The salts of nickel are yellow or green ; their 
solutions are of a bright green colour. The soluble 
neutral salts redden litmus paper and are decomposed at a 
red heat. 

2. Sulphuretted hydrogen precipitates neither acid nor 
neutral solutions of nickel ; or the latter at least but very 
incompletely. 

3. Hydrosulphiret of ammonia produces in neutral, as 
sulphuretted hydrogen does in alkaline solutions, a black 
precipitate of suLPHtnBT of nickel, (Ni S,) which is not 
altogether insoluble in hydrosulphuret of ammonia, owing to 
which property the fluid from which it has been precipita- 
ted, presents always a brownish colour. Sulphuret of 
nickel is dissolved with difficulty by hydrochloric acid, but 
easily by aqua regia. 

4. Potash produces a bright green precipitate of 

HTDRATED OXIDE OF NICKEL, (Wi 0, HO,) which is insolu- 

ble in potash, and does not alter when exposed to the air. 
Carbonate of ammcmia re-dissolves this precipitate to a 
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greenisli'blue fluidi from which potash again precipitates 
the nickel it contains, as a^ yellow-green hydrated oxide of 
nickel. 

5. Ammonia precipitates also htdratbd oxidb of 
MiCKSLy but an excess of the precipitant easily re-dissolyes 
it to a blue fluid, as a double salt of oadde of nickel and 
ammonia. Potash precipitates hydrated oxide of nickel 
from this solution. 

6. Cyanide of potassium produces a yellowish-green 
precipitate of ctanioe of nickel, (Ni Cy,) which by an 
excess of the precipitant is easily redissolved to a brownish- 
yellow fluid, containing cyanide of nickel and cyanide of 
potassium combined* Sulphuric acid and hydrocmoric acid 
again precipitate from this solution cyanide of nickeli 
which is very difficultly soluble in an excess of these acids, 
at a low temperature* 

7. Borax and phosphate of soda and ammonia dissolve 
compounds of oxide of nickel, in the oute( flame of the 
blow-pipe, giving rise to the formation of clear glasses of a 
dark yellow colouTi with a tinge of red-brown, which become 
clearer and almost colourless on cooling. Addition of nitre 
or carbonate of potash changes the colour to blue or to dark 
purple. The glass which phosphate of soda andanunonia 
forms with nickel remains unaltered when exposed to ^the 
inner flame, but that of borax becomes grey and troubled 
owing to the reduction of nickel. 

d. PROTOXIDE OF COBALT. (Co O.) 

1. The protosalts of cobalt are blue in their anhydrous, 
and of a characteristic bright red tint in their hydrated state. 
Their solutions show their colour even when considerably 
diluted. The soluble neutral salts redden htmus paper, 
and are decomposed by a red heat. 

2. Sulphuretted hydrogen does not precipitate acid so- 
lutions of cobalt, and neutral solutions at the most, very 
incompletely, when they^ contain weak acids ; these latter 
precipitates are of a black colour. 

3. Hydrosulphuret of ammonia precipitates from neutral, 
as sulpnuretted hydrogen do esfrom alkaline solutions, all 
the cobalt they contain, as black sulpuuret of cobalt. 
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(Co S.) This substance is insoluble in alkalies and hydro* 
sulphuret of ammonia, difficultly soluble in bydxocnloric 
acid, easily soluble in aqua regia. 

4. Potash produces in solutions of cobalt blue precipi* 
tates of basic salts of cobalt, ivhich become green when 
exposed to the air, owing to the absorption of oxygen, and 
are converted into hydrates of a pale red colour when 
boiled. They are insoluble in potash. But neutral car- 
bonate of ammonia dissolves them completely to intensely 
Tiolet-red fluids, in which potash does not cause any, or, at 
least, but a very scanty precipitate. 

5. Ammonia produces the same precipitate as potash, 
but an excess of the precipitant redissolves it to a reddish- 
brown fluid, in which potash does not cause any, or at least 
but a very scanty, precipitate. 

6. If to a solution of cobalt acidified with some hydro- 
chloric acid, cyanide of potassium be added, a brownish- 
white precipitate of protocyanidb of cobalt is formed, 
which by an excess of the precipitant, with presence of 
free hydrocyanic acid, is easily dissolved to cobaltocya- 
NiDE OF POTASSIUM. (Cy^ Coj+SK.) Acids causc uo 
precipitation in the solutions of this salt. 

7. Borax dissolves compounds of cobalt in the inner as 
well as in the outer flame of the blow-pipe, to clear 
SPLEMDIDLT BLUE COLOURED GLASSES which appear almost 
black, when cobalt is present in any considerable propor- 
tion. This test is as delicate as it is characteristic. Phos- 
phate of soda and ammonia manifest the same reaction, 
but in a lesser degree. 

e. PROTOXIDE OF IRON. (Fc O.) 

1. The protosalts of iron have a greenish colour ; their 
solutions appear coloured only when quite concentrated. 
The soluble neutral salts redden litmus paper and are de- 
composed by a red heat. 

2. Acid solutions are not precipitated by sulphuretted 
hydrogen^ and neutral solutions, with weak acids, at the 
most but incompletely. These precipitates are of a black 
colour. 

3. Hydrosulphuret of ammonia precipitates from neu- 
tral, as sulphuretted hydrogen does from alkaline solutions, 



IM PBSOxmB <at non. 

aU the iron they contatii, as blaek sirursumaT of moic, 
(Fe S,) which is iatolufole in alkalies and alkaline sul* 
phuretSi but easy of solution in hydrochloric acid and nitric 
acid. 

4. PaUuk and amnumia produce a precipitate of ht^ 
9RATBB PROTOXIDE ow IROV, (Fe Of HO,) Which, in the 
first monent, appears almost white, but, after a rery shoit 
time, becomes ot a dirty green, by absorption of oxygen firom 
the air, and at last assumes a red-brown cdour. The 
presence of salts of ammonia prevents the precipitation by 
potash partly, and that by ammonia totally. 

5. Ferrocyamde of patassiun produces in sdutions of 
protoxide of iron a bluish-white precipitate of ferrocta* 
KiDV OF POTASSIUM AND iROiT, (2 Cfy+K+S Fe,) whicfa, by 
absorption of oxygen from the air, soon becomes blue. In 
this change, all the potassium of three equiFalents of the 
compound, and one equivalent of iron, become oxidized, 
and Prussian blue (3 Cfy+2 Fe,) remdns. Nitno acid 
or chlorine causes this oxidation immediately. 

6. Ferricyanide of potassium produces a splendidly- 
blue precipitate of FBRRicTANinB of iron, (S Cfy+S Fe.) 
This precipitate does not differ in C(dour from Prussian 
blue. It is insoluble in hydrochloric acid, but easily de- 
composed by potash. When the solution of protosalt of 
iron is highly dilute, the reagent imparts to it only a dark 
bluish green colour. 

7. Borax dissolves protosalts of ir<Hi in the oxidising 
iSame, forming deep red olasses, the colour of which 
changes to bottle green when exposed to the inner flame, 
owing to the reduction of the first formed peroxide to 
magnetic-oxide. Both tints disappear totally, or in a great 
measure, when the glasses become cool. Phosphate of 
soda and ammonia shows a similar relation to the proto- 
salts of iron, but the colour of its glass vanishes even more 
decidedly than is the case with borax« 

/. PEROXIDE OF IRON. (Fc, O,.) 

1. The persalts of iron are of a more or less red yel- 
low colour. Their solutions present this colour even 
when pretty highly diluted. The soluble neutral salts 
redden litmus paper and are decomposed by heat. 
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£• Sulfhuretted hydrogen produce! ia neutral and acid 
#diitioQ8 aitUgbtpi^ecipitate of suLraoa, which rendeiB the 
solution tiurbid and imparl a milky white tint to iU Pe* 
roxido of iroo and aylphuretted hydrogen deonnpose each 
43ther ; in this process the hydrogen mthdraws from the 
perosule of iron, one-third of its oxygen combining with it 
to form water ; the persalt of iron is thus converted into a 

Erotosalty and the Bulpbur of the decomposed sulphuretted 
ydrogen separates. 
8, nydrofulpkurst of ammonia precipitates from neu- 
tral, as sulphuretted hydrogen does trom alkaline solutions^ 
all the peroxide of iron they contain, as black sulphuret 
OF utOM ; this precipitation is preceded by the conversion 
of the pearsalt into a protoaalt. The reagent produces only 
« Uackiah-green tint in the fluid, if the solution is very 
4ilute. The minutely divided sulphuret of iron subsides 
in such cases only ai&r the lapse of some time. For the 
fievend degrees of solubility oil sulphuret of iron in van* 
ous substances, vide a. (Protoxide ci iron.) 3. 

4. Potash and ammonia produce bulky red brown {pre- 
cipitates of HvnsLiTEn PBROxiPB OF iRONf which are inso- 
luble in an excess of the precipitantf as well as in salts of 
ammonia. 

5. Ferocyamde of potassium produces even in highly 
dilute solutions a splendidly blue precipitate of sesquxfsr- 
stocYiUf ins OF iR0N,'(3 Cfy+4 Fci) (Prussian blue) which 
is insduble in hydrochloric acid, but easily decomposed 
by potashi with precirntation of peroxide of ir<nu 

6. Ferriofomde ot potassium imparts a reddish-brown 
tint to solutions of p^oxide of iron» but it causes no pre- 
cipitate. 

7. The persalts of iron {Mresent the same appearances as 
the protosaltsi when exposed to the action of the blow-pipe 
flamei vide e. (Protoxide of iron) 7. 

Recapitulation and remarks. — Of the metallic oxides 
lielongingtodie fourth group, oxide of sine alone is soluble 
in potash. It is this property which distinguishes it from 
the other oxides of this group, smd eomiects it with those 
of the third group. But it differs from oxide of chromium 
and from alumina, inasmuch as sulj^uretted hydrogen 
precipitates it from its solutions in potash. This charac- 
teristic property is the surest test of oxide of zinc Fxo* 
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loxide of manganese, oxide of nickel, protoxide of cobalty 
and protoxide of iron form with salts of ammonia double 
salts, from which the metallic oxides are not precipitated 
by free ammonia ; but peroxide of iron, just like the oxides 
of the third group, is completely precipitated by ammoniai 
even when salts of ammonia are present. Hence it follows, 
in the first place, that by means of this property, manganese, 
nickel and cobalt may be separated, as well from peroxide 
of iron as from oxide of chromium and from alumina i and, 
in the second place, that, in order to separate these metals 
from protoxide of iron, the latter substance must first be 
peroxidized, which operation is best performed by boiling 
its solution with nitric acid. The peroxide of iron difiers 
from oxide of chromium, and from alumina, inasmuch as it 
is insoluble in potash ; and peroxide of iron may be distin- 
guished from protoxide, by means of ferrocyanide of potas- 
sium. Hydrated oxide of nickel and hydrated protoxide of 
cobalt dissolve in carbonate of ammonia, whilst hydrated 
protoxide of manganese is insoluble in this substance. We 
may, therefore, by means of this solvent, separate the pro- 
toxide of manganese from the two other oxides. The 
brown tint assumed by the white hydrated protoxide when 
exposed to the air, and the blow-pipe reactions, especially 
that with soda, are the surest test of protoxide of manga- 
nese. Cyanide of nickel, and cyanide of cobalt are soluble 
in cyanide of potassium. But cyanide of nickel may be 
precipitated from this solution by acids, which is not the 
case with cyanide of cobalt. This property, i. e. the for- 
mation of a precipitate in a solution of tnese two cyanides 
in cyanide of potassium, by the addition of hydrochloric 
acid, is, under all circumstances, a perfectly sure test of 
the presence of nickel. Whether this precipitate be cyanide 
of nickel or cobalticyanide of nickel, is quite immaterial 
as far as the detection of nickel is concerned ; we have 
only to bear in mind that no precipitate forms if cobalt 
alone be contained in the solution, since cobalticyanide of 
potassium is not decomposed by hydrochloric acid. To 
explain the composition of the precipitates formed, and the 
process in general, we will now proceed to consider and 
examine three special cases, the diflFerence of which de- 
pends on the imequal relative proportion of the nickel and 
the cobalt. 
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1, Ni : Co = 3 eq. : 2 eq. 

2, Ni : Co = 3 eq. : 2 eq.+x 

3, Ni : Co = 3 eq.+x : 2 eq. 

Consequently, we get in solution in the first case, one eq. : 
of cobalticyanide of potassium, (Cy,, C02+3K,) and 
3 eq. : of cyanide of nickel and cyanide of potassium com- 
bined, (Cy, Nij+Cy, K,) and ifwe add hydrochloric acid 
in excess to this solution, we obtain a dirty green precipi- 
tate of cobalticyanide of nickel, (Cy^ Co, +3 Ni,) which 
contains all the nickel and cobalt of the solution ; in this 
process the combination of cyanide of nickel and cyanide 
of potassium is decomposed, and the potassium in the co- 
balticyanide of potassium changes places with the nickel 
in the cyanide of nickel. Besides the cobalticyanide of 
nickel, chloride of potassium and hydrocyanic acid are 
formed. In the second case we obtain also a precipitate of 
cobalticyanide of nickel, but this precipitate, though con- 
taining all the nickel, does not contain all the cobalt of the 
solution, for the excess of cobalticyanide of potassium is 
not decomposed. In the third case, at last, we obtain a pre- 
cipitate of cobalticyanide of nickel, which contains all the 
cobalt and a portion of the nickel, mixed with insoluble 
cyanide of nickel, which contains the remaining part of 
tne nickel. The precipitate of cobaltcyanide of nickel has 
been formed, as in the first case, whilst the cyanide of 
nickel is formed by the decomposition of the double cy- 
anide of nickel and potassium in excess. Hence it is evi- 
dent, that nickel is, in all cases, a necessary condition to 
the formation of a precipitate, and consequently that this 
precipitate can leave no doubt as to its presence. As co- 
balt may, under all circumstances, be safely and easily 
detected by its characteristic properties before the blow- 
pipe, any further indications for the mere detection of 
either metal, would almost seem superfluous ; but since 
we are now already far advanced towards the complete 
separation of these two substances firom each other, we 
may asi virell briefly state how to efiect it. In the first and 
second of the above-mentioned cases, we have, after the ad- 
dition of the hydrochloric acid, only to heat the fluid to- 
gether with the therein suspended precipitate of cobalti- 
cyanide of nickel) till the free hydrocyanic acid is expelledi 



106 oxixnr or siltesi fre. 

(the cobalticyanide of nickel a9 well as tKe cobalticyanide 
of potassium present in the second caset reBdrain unaltered 
during this operation ;) and then we may, by addition of 
caustic potasU) easily decompose the cobalticyanide of 
nickel, into cobalticyanide of potassium, which remains id 
solution, and oxide of nickel which |»recipitates as by- 
drated oxide. But in the third case we must add a larger 
quantity of hydrochloric acid, and boil the solution th^re* 
with, till the cyanide of nickel contained in theprecipitaie 
(which would only be incompletely decompos^ by pot^ 
ash) is converted into chloride of nickel, and till the hy^ 
drocyanic acid, formed during this operation, is coBq)leteIy 
expelled ; and then, after uiis preparatory process, we 
may, by boiling with caustic potash, obtain ail the nickel 
as an insoluble hydrated oxide, and all the cobalt as soluble 
cobalticyanide ox potassium. Lastly, we must stiQ Qaen- 
tion, that the oxides of the fourth group are not precif»« 
tated by alkalies, if non-volatile organic substances, (such 
as sugar, tartaric acid, &c.) are contained in their sola* 
tions. The same is the case with alumina and oxide of 
chromium. 

Fifth Group. 

OXIDE OF SILVER, PROtOXIDE OF MSRCtJRT, PBROXIl>E OF 
MERCURT, OXIDE OF LEAD, OXIDE OF BISMUTH, OXIDE OW 
COPPER, OXIDE OF CADMIUM. 

« 

Properties of the group. — The sulphurets correspond- 
ing with the oxides of this group, are insoluble both in 
dilute acids and in alkaline sulphurets. The solutions of 
these oxides are, therefore, completely precipitated by 
sulphuretted hydrogen, no matter whether their reaction be 
neutral, alkaline, or acid. 

We divide the oxides of this group into two sections, 
and distinguish 

1. Oxides PREciPiT ABLE BY HYDROCHLORIC ACID, viz.: 
oxide of silver, protoxide of mercury, and oxide of lead, 
from 

2. Oxides, not precipitable bt hydrochloric acid, 
ivz. : peroxide of mercury^ oxide of copper, oxide of bi^- 
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muth, oxide of cadmhim. Lead must be ccndidered in 
both sections, as the difficult solubility of its chloride 
renders it possible to confound it with protoxide of mer* 
cury and oxide of silver, without affording us any means of 
separating it completely from the oxides of the second 
section. 

f 90. 

FIRST SECTION. OXIBES PRECIPITABLE BY HYBROCHLORIC 

ACID. 

Special Reactions. 

a. OXIDE OF SILVER. (Ag O.) 

1. The salts of oxide of silver are fixed and colourless ; 
most of them blacken when exposed to light The soluble 
neutral sahs do not alter vegetable colours, and are decom- 
posed at a red heat. 

2. Sulphuretted hydrogen and hydrosulphuret of am- 
monia precipitate black sulphitret op silver, (Ag S,) 
which is insoluble in dilute acids, alkalies, alkaline sul- 
phurets, and cyanide^ potassium. Boiling concentrated 
sulphuric acid easily decomposes and dissolves this pre- 
cipitate, with separation of sulphur. 

3. Potash and ammonia precipitate oxide of silver, in 
the form of a bright brown powder, which is insoluble 
in potash, but easy of solution in ammonia. The presence 
of salts of ammonia prevents this reaction either totally or 
partly. 

4. Hydrochloric acid and soluble chlorides produce a 
white curdy precipitate of chloride op silver. (Ag CI.) 
In very dilute solutions, this precipitate merely imparts to 
the fluid a bluish white opalescent appearance. The white 
chloride of silver, when exposed to light, acquires first a 
violet tint, aid at last a black colour, but without any alter- 
ation in its composition ; it is insoluble in nitric acid, but 
dissolves easily in ammonia, ^ving rise to the formation of 
chloride of silver and ammoma. Acids precipitate it again 
from this combination. Chloride of silver, when heated, 
fuses wMi(p$itt decomposition, forming a transparent homy 
mass. 
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5. When silver compounds} mixed with carbonate qf 
soda^ are on a charcoal support} e](:posed to the inner 
flame of the blow-pipe, white^ shining, and ductile 
METALLIC GLOBULES are obtained, whilst no incrustation 
takes place. 

b. PROTOXIDE OP MERCURY. (Hg, O.) 

1. The salts of protoxide of mercury, when exposed to 
a red heat, either volatilize without decomposition, or de- 
compose ; in the latter case the mercury separated volatili- 
zes in a metallic state. They are colourless. The soluble 
saltSy when neutral, redden Utmus paper ; when mixed 
with much water, they separate into insoluble basic and 
soluble acid salts. 

2. Sulphuretted hydrogen and hydrosulphuret of am- 
monia produce black precipitates of sulfhuret of mer- 
cury, (Hg, S,) which are insoluble, as well in dilute acids 
as in alkaJine sulphurets, and in cyanide of potassium. 
Potash resolves tnis sulphuret into bisulphuret and gkh 
bulep of metallic mercury. Sulphuret of mercury is easily 
decomposed and dissolved by aqua regia, but not by boil- 
ing concentrated nitric acid. ^ 

3. Potash and ammonia prodffe black precipitates, 
which are insoluble in an excess of the precipitants. The 
potash precipitates consist of protoxide of mercury ; 
those of ammonia, of basic salt of protoxide of mer- 
cury and ammonia. 

4. Hydrochloric add and soluble chlorides precipitate 
protochloride of mercury (Hg, CI) as a shining while, 
fine powder. Cold hydrochloric acid, and cold nitric 
acid, do not dissolve this precipitate ; but it dissolves, al- 
though very difficultly and slowly, when long boiled^ with" 
these acids, being converted by hydrochloric acid into 
chloride of mercury, by nitric acid into chloride of mercury 
and per-nitrate of mercury. Ammonia and potash decom- 
pose protochloride of mercury, giving rise to the forma- 
tion of black protoxide of mercury. 

5. If a drop of a neutral or feebly acid solution of prot- 
oxide of mercury be poured on a clean and smooth surface 
of copper^ washed off after some time, and the spot rubbed 
with cloth or paper, &c, &c., it wiU appear of a. silvery 
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VTHiTE COLOUR, with metallic lustre. This apparent sil- 
vering vanishes when the copper is heated, owing to the 
volatilization of the metallic mercury precipitated on its 
surface. ^ 

6. Protochloride of tin produces in solutions of prot- 
oxide of mercury, a gray precipitate of metallic mer- 
cury, which may be united into globules by heating and 
agitating it, but most easily by boiling it with hydrochloric 
acid« 

7. If mercury compounds, intimately mixed with efflor- 
esced carbonate of soda^ and covered with a layer of 
carbonate of soda in a distended glass-tube, are heated 
before the blow-pipe, a decomposition always takes place 
to the effect of liberating metallic mercury, which subumes 
as a gray crust above the heated part of the tube. The 
fine particles of mercury unite into globules on this crust 
being rubbed with a glass rod« 

C. OXIDE OP LEAD, (Pb O.) 

1. The salts of oxide of lead are colourless and not 
volatile ; the soluble salts, when neutral, redden litmus 
paper, and are decomposed at a red heat. 

2. Sulphuretted hydrogen and hydrosulphuret of am- 
monia produce black precipitates of sulphuret op i:.ead, 
(Pb S,) which are insoluble in dilute acids, alkalies, alka- 
line sulphurets, and cyanide of potassium. This sulphuret 
of lead is decomposed by boiling concentrated nitric acid ; 
all the lead is first converted into nitrate of lead, the 
greater portion of the sulphur separates, another portion is 
converted into sulphuric acid, and this again decomposes 
a part of the nitrate of lead, and thus, besides the precipi- 
tated' sulphur, sulphate of lead is formed, and remains 
undissolved as a white powder. 

3. Potash and ammonia thro.w down basic salt op 
LEAD in the form of white precipitates, which are insolu- 
ble in ammonia, and of difficult solution in potash. 

4. Hydrochloric acid and soluble chlorides produce in 
concentrated solutions heavy white precipitates of chlo- 
ride OF LEAD, (Pl^^Cl,) which are soluble in much water, 
especially if the water be heated. This chloride of lead 

5 
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is not altered by ammcmiai and is more difficult of solvtiao 
in hydrochloric acid and in nitric acid than in water. 

5. Sulphuric acid and sulphates produce white jNreci- 
pitates of sulphate of leap, (Pb O, SO3,) which are 
almost insoluble in water and dilute acids, but to a small 
extent soluble in concentrated nitric acid, difficult of solu- 
tion in boiling concentrated hydrochloric acidi and more 
easily soluble in solution of potash. Salts of ammoniai 
and especially sulphate of ammonia, prevent the precipita- 
tion partly or altogether. 

6. Chromate of potash modncefi a yellow precipitate of 
CHROMATE OF LEAD, (Pb O, Cr O3) whidi is eai^lysolu* 
ble in potash, but insoluble in dilute nitric acid. 

7. Lead compounds, mixed with carbonate of sodci^ and 
on a charcoal support^ exposed to the reducing blow-pipe 

ftamCy very easily yield soft and ductile hetai.licgi.o- 
BULEs ; whilst the coal isi at the same time, cov^ed with 
a YELLOW incrustation of oxide of lead. 

Recapitulation and remarks. — The metallic oxides of 
the first section of the fifth grdup are the most easily cha- 
racterized in their corresponding chlorides, since the 
divers relations of these different chlorides to ammonia 
afford us means as well of detecting as of separating them 
from each other. For chloride of silver, as we have stated, 
is dissolved by ammonia, whilst protochloride of mercury 
and chloride of lead remain undissolved. By adding nitric 
acid to a solution of chloride of silver and ammonia, we 
may again precipitate the chloride of silver ; and as this 
reaction admits of no mistake, we want in fact no further 
means for the detection of silver. Of the two remaining 
chlorides, the protochloride of mercury is converted by 
ammonia into black protoxide of mercury, whilst the chlo- 
ride of lead remains unaltered. The new-formed protoxide 
of mercury may be separated from the chloride of lead by 
treating with nitric acid, whereby the protoxide of mercury 
is dissolved ; or by boiling with water, when solution of 
the chloride of lead takes plac% These relations suffi- 
ciently characterize the protoxide of mercury ; as further 
tests for lead, its reaction with sulphuric acid or with 
chromate of potash may be employed. 
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8XCOND 8KGTI0V 09 THE TiVTB GROUP. OllDBS WHICH 
▲RE NOT PRECIPITATED BY HYDROCHLORIC ACID. 

Speoial Reactions, 

a. PEROXIDE OF MERCURY. (Hg 0.) 

1. The salts of peroxide of mercury volatilize when 
heated to redness, some with, some without deeomposio 
tion. Most of them are colourless. The neutral soluble 
8alt9 reddea litmus paper. The nitrate and sulphate of 
peroxide of mercury are decomposed by much watev 
into soluble acid and insoluble be^sic salts. 

2» If sulphuretted hydrogen^ or hydrosulphuret of am* 
moniaj be added in very small proportions to solutions 
of peroxide of mercury, and these solutions be then agi« 
tated, a perfectly white precipitate is obtained. Tne 
addition of some^what large quantities of these reagents 
causes the precipitate to acquire a yellow, orange, or 
brown-red colour, as more or less of them is added ; an 
e Ass of the precipitate produces a black precipitate of 

BISULPHURET OP MERCURY, CINNABAR. (Hg S.) ThiS 

TariatioQ of colour depends on the different proportions 
added of sulphuretted nydrogen, distinguishing the perox* 
ide of mercury firom all other substances. It is caused 
by the formation, at first, of a white-coloured double com- 
pound of bisulphuret of mercury, with still undecompos- 
ed salt of peroxide of mercury, which then, becoming 
more and more mixed with black bisulphuret, causes the 
precipitate successively to assume the various tints de- 
scribed above Bisulphuret of mercury is not dissolved 
by hydrosulphuret of ammonia, nor by cyanide of potas- 
sium ; it is quite insoluble in hydrochloric acid and nitric ' 
acid, even on being boiled with diese acids. Potash 
ley dissolves it completely, and aqua regia decomposes 
and dissolves it with facility. 

3. Potash^ when added in insufficient quantity to neutral 
or feebly acid solutions of peroxide of mercury, yields with 
them a rep-brown precipitate, which acquires a yellow 
tint when the reagent is added in excess. The redrawn 
precipitate is a basic salt ; the yellow, on the contrary, 
consists of pure HYDRATsn PERoxins of mercury* (Hg. 
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O, HO.) An excess of the precipitant does not re-dis- 
solve these precipitates. In very acid solutions this reac- 
tion either does not take place at all, or is at least incom- 
J>lete. If salts of ammonia be present, the precipitates 
brmed are neither red, brown, nor yellow, but white ; 
consisting of basic compounds of peroxide of mercury and 
ammonia. 

4. Ammimia causes the same white precipitate, 
which potash produces when salts of ammonia are pre- 
sent. 

5. Protochloride of tifif when added in small propor- 
tions to salts of peroxide of mercury, causes a reduc- 
tion of this peroxide to protoxide, in consequence of which 
a white precipitate of protochloride of mercuric forms ; 
but when added in excess, it completely withdraws the 
oxygen and acid or the salt-radical from the mercury and 
causes the latter to separate in a metallic form, just as is 
the case with protoxide of mercury, (vide § 90, 6 6.) 
The precipitate, therefore, which in the first place was 
white, acquires now a gray tint, and may be united into 
globules of metallic mercury, by being boiled with hydl^ 
chloric acid. 

6. The salts of peroxide of mercury present the same 
relation to metallic copper as those of the protoxide ; 
and the same is the case with regard to their behaviour 
before the blow-pipe, when mixed with carbonate of soda. 

b. OXIDE OF copper. (Cu O.) 

1. The salts of oxide of copper undergo decomposition, 
even at a gentle red heat, with the exception of blue 
vitriol, which can bear a somewhat higher temperature. 
They present in their anhydrous state a white, but as 
hydrates, a blue or green colour, which their solutions 
still retain, though rather highly diluted. Most of the 
neutral salts of oxide of copper are soluble in water ; those 
which are soluble redden litmus paper. 

2. Sulphuretted hydrogen and hydrosulphuret of am- 
monia produce, under any circumstances, brown-black 
precipitates of bisulphuret op copper (Cu S.) This 
substance is insoluble in dilute acids and caustic alkalies, 
as well as in hot solutions of sulphuret of potassium and 



OXIDE OP copper: 113 

of sulphuret of sodium ; but it is not quite insoluble in 
hydrosulphuret of ammonia, on account of which this 
reagent is not applicable for the separation of bisulphuret 
of copper from other metallic sulphurets. Boiling concen- 
trated nitric acid readily decomposes and dissolves bi« 
sulphuret of copper. Solution of cyanide of potassium 
dissolves it completely. ^ 

3. Potash produces a bright blue, bulky precipitate of 
HYDRATED OXIDE OF COPPER, (Cu O, HO.) In highly 
concentrated solutions this precipitate becomes, on addition 
of potash in excess, black, and loses its bulkiness, even at 
a low temperature, after some time, but at any rate on being 
boiled with the fluid wherein it is suspended. In this 
process the hydrated oxide is converted into oxide. 

4. Ammonia, when added in a small proportion, produces 
a GREENISH BLUE precipitate, consisting oi a basic salt op 
COPPER. This precipitate is easily redissolved when the 
addition of ammonia is continued and a perfectly trans- 
parent MAGNIFICENTLY AZURE BLUE SOLUTION obtained| 

which owes its colour to the new-formed basic ammoniac al 
SALT OF OXIDE OF COPPER. This tint vanishes only when 
the solution is highly diluted. Potash causes in this blue 
solution;— (at a low temperature only after having been 
allowed to stand at rest lor some time) — ^a precipitate of 
blue HYDRATED OXIDE, but at the boiliug point, it precipi^ 
tates the entire copper as black oxide. Carbonate of 
ammonia presents the same relation to salts of copper, as 
pure ammonia. 

5. Ferrocyanide of potassium produces even in highly- 
dilute solutions, a reddish-brown precipitate of ferrocy- 
anide OP copper (Cfy + 2Cu) which is insoluble in dilute 
acids, but decomposed by potash* 

6. Metallic iron, when in contact with concentrated 
solutions of copper, is almost immediately covered with a 

COPPERY RED CRUST OF METALLIC COPPER ', but whott 

the copper solution is highly dilute, this coating only takes 
place after the lapse of some time. This testis very deli- 
cate, but especially so, when the solution contains a free 
acid, (e. g. hydrochloric acid.) 

7f If copper compounds, mixed with carbonate of soda, 
be exposed on a charcoal support to the reducing flame of 
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the bbw^pe^ MBtAttto coi>pjBft in obtained without simol* 
taneous incrustation of the coaL The best method of 
examining this copper, so as to leare no doubt of its 
presence, is to triturate the fiised mass together with the 
surrounding particles of the charcoal support, in a mortat 
with some water, and then to wash oif the charcoal powder. 
The coppery-red metallic spangles will remain. 

C. OXIDE OF BISMUTH. (Bi 0.) 

1. The salts of bismuth are not tolatile, with the excep- 
tion of a few, (chloride of bismuth^ Most of them de^ 
compose at a red heat. They are colourless ; some are 
soluble in water, whilst others are insoluble. The soluble 
salts, when neutral redden litmus paper, and are decompos- 
ed by much WHter into soluble acid and insoluble basic salts. 

8. Sulphuretted hydrogen and hydrosulphuret of 
omrMmid produce, under all circumstances, black precipi* 
tates of suLPRCRET OF BtsMtJTH (Bi S) which are insoluble 
in dilute acids, alkalies, alkaline sulphurets, and cyanide of 
potassium. Boiling concentrated nitric acid readily de- 
composes ,and dissolres it 

3. Potash and nmmonia throw down from solutions of 
salts of bismuth, hydrated oxid* of BisMXJTH(BiO, HO) 
as a white precipitate, which is insoluble in an excess ik 
he precipitants. 

4. Chromate ^ potash precipitates chUomats of bis- 
nvTU (Bi O) Cr O,) as a yellow powder. This substance 
differs from chromate of lead, inasmuch as it is soluble in 
dilute nitric acid, and insoluble in potash. 

5. The reaction which particularly characterizes the 
oxide of bismuth, is the decomposition of ^ its neutral salts 
by water into acid soluble and basic insoluble salts. For 
when a solution of bismuth is diluted with much water, a 
shining white precipitate immediately forms, provided free 
acid be not present in a too large proportion. This re- 
action is the most susceptible with cUonde of bismuth, the 
basic chloride of bismutn being almost absolutely insoluble ^ 
in water. If water causes no precipitate in nitric solu- 
tions of bismuth, owing to the presence of a too large 
quantity of free acid, precipitation may immediately be 
induced by the addition of basic acetate of lead in excess. 
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Before recurring to this means, we must, of course, be 
oonvinced of the absence of sulphuric acid, &c. &c. The 
precipitates of bismuth are easily to be distinguished by 
means of their insolubility in tartaric acid, from the basic 
salts of antimony which are formed uhder analogous cir- 
cumstances. 

6. If bismuth compounds, mixed with carbonatB cfsoda, 
be exposed on a charcoal suppott, to the reducing flame^ 
BRITTLE GRAINS OF BISMUTH are obtained, 'which fly into 
pieces under the stroke of the hammer. The charcoal at 
the same time becomes covered with a sUght yellow in- 
ci^ustadon of oxidb of bismuth^ 

d^ OXIDE OF CADMIUM. (Cd O.) 

1. The salts of oxide of cadmium are either colourless 
or white ; most of them are scAuble in water. The soluble 
salts, when neutral, redden litmus paper and deccmipose 
at a red hes^. 

2. Sulphuretted hydrogen and hydrosulphuret of am- 
monia produce, under all circumstances, precipitates of a 
rich yellow colour, consisting of sulphurct of cadmium 
(Cd, S.) This substance is insoluble in dilute acids, in 
alkalies, alkaline sulphurets, and cyanide of potassium. 
Boiling concentrated nitric acid readily decomposes and 
dissolves it. 

3. Potash produces a white precipitate of htdrated 
OXIDE OF CADMI0M (Cd O, HO) which is insoluble in an 
excess of the precipitant. 

4. Ammonia also precipitates white hydrated oxide of 
CADMIUM, but readily redissolves into a colourless fluid, 
when added in excess. 

5. Carbonate of potash and carbonate of ammx>nia pro- 
duce white precipitates of carbonate of cadmium (Cd O, 
COa) which are insoluble in an excess of the precipitants. 
The presence of salts of ammonia does not prevent the 
formation of these precipitates. 

6. If cadmium compounds mixed with carbonate of 
soda be exposed oh a charcoal support, to the reducing 
Jlamej the charcoal becomes covered with a reddish yel- 
low incrustation of oxide of cadmium^ owing to the re- 
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duced metal immediately volatilizing, and then becomii^ 
reozidized in passing through the oxidizing flame. 

Recapitulation and remarks, — The metallic oxides of 
the second section of the fifth group may, as we have 
stated, be completely separated, by means of hydrochloric 
acidy from protoxide of^ mercury and oxide of silver, but 
only incompletely from oxide of lead. The peroxide of 
mercury is distinguished from the other oxides of this 
section, by the insolubility of its bisulphuret in boiling 
nitric acid. This property affords a convenient means for 
its separation. Moreover, the reactions with protoxide of 
tin, or with metallic copper, as well as those in the dry 
way, readily admit of its detection when the protoxide has 
been previously removed. 

Of the still remaining oxides, those of copper and cad- 
mium are distinguished, inasmuch as the precipitates 
which ammonia causes- in their solutions, are soluble in an 
excess of ammonia, whilst the precipitates which this re- 
agent produces in solutions of lead and bismuth, are not 
redissolved by an excess of the precipitant. The oxide of 
bismuth may be separated from the oxide of lead by means 
of sulphuric acid, but is most safely delected by the de- 
composibility of its salts by water. The other tests of 
lead have already been stated in the first sectijqn of this 
group. The oxide of copper may be separated from the 
oxide of cadmium, by means of carbonate of ammonia ; 
the former is especially characterized by the reactions with 
ferrocyanide of potassium and with iron, as well as by its 
relations before the blow-pipe ; and oxide of cadmium may 
always be detected by its yellow sulphuret, which is in- 
soluble in hydrosulphuret of ammonia, and by the charac- 
teristic incrustation with which it covers charcoal when 
exposed to the reducing flame. For a separation of the 
oxides of the fifth group from each other, by means of 
cyanide of potassium, we refer to the second section of 
Part IL 
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§ 92. 

Sixth Group* 

PBROXJDB OP GOLD, PEROXIDE OF PLATINUM, OXIDE OF 
ANTIMONY, PEROXIDE OF TIN, PROTOXIDE OF TIN, 
ARSENI0U3 AND ARSENIC ACID.* . 

Properties of the group. — The sulphurets correspond- 
ing with the oxides of the sixth group are insoluble in dilute 
acids. They combine with alkaline sulphurets, forming 
soluble sulphur salts, in which compounds they perform 
the part of an acid. Sulphuretted hydrogen, therefore, 
precipitates thenir completely from acidified, but not from 
alkaline solutions. The precipitated sulphurets dissolve 
in hydrosulphuret of ammonia, sulphuret of potassium, &c» 
&:c., and are again precipitated from these aolutions by the 
addition of acids. 

We divide Uie oxides of this group into two classes, and 
distinguish, 

1 . Oxides the corresponding sulphurets of which 
ilrb insoluble in hydrochloric acid and in nitric 
ACID, viz. peroxide of gold an^ peroxide of platinum, from 

2. Those the corresponding sulphurets of which 
are soluble in hydrochloric acid or nitric acid, 
viz. oxide of antimony, protoxide and peroxide of tin, 
arsenious and arsenic acid. 

§ 93. 

First Class, 
Special Reactions, 

a. PEROXIDE OF GOLD. (Au O3.) 

1. Salts ofgold with oxygen acids are, at present, almost 
unknown. The haloid salts of gold are yellow, and their 

^ ■ ■ ■ ■ ■ I ■ I ■ — ^^— ■ ■»■■ ■» ■■■! l—-»»— ■ ■■!■ ■■■ — ■ — ■ ■ — ■ — — - — I I .1 . . , J 

» The two acids of arsenic will be again referred to, when we 
treat of the relations between acids and reagents. We join them 
here to the metallic oxides, since the relation of salphoret of arsenic 
easily admits of their being confounded with several oxides of the 
sixth group, and because in analysis we always obtain the sulphuret 
of arsenic as a precipitate, together with sulphuret of antimony, sul- 
phuret of tin, &c. &c. 
5* 
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solutions present this tint up to a high degree of dilution. 
They all readily decompose at a red heat ; the soluble salts, 
when neutraly redden htmus paper. 

2. Sulphuretted hydrogen precipitates from neutral and 
acid solutions all the gold they contain, as black sulphuret 
OF GOLD (Au S3} which is insoluble in potash and in any 
single acid, but soluble in alkaline sulphurets and in aqua 
regia. 

3. Hydrostdphuret ofammenia produces the same j»re- 
cipitate. A considerable excess of the precipitant redia- 
solves it. 

4. Potash in excess causes no precipitation, but a small 
proportion of potash produces in concentrated sohiticms, 
especially when heated, a reddish yellow precipitate oS. 
PERoxtra OF GOLD, which is alwa]fs mixed with an auric 
salt of chloride of gold, as well as with potash. 

5. Ammonia produces also only in concentrated sokt- 
tions, reddish yellow precipitates 0^ aurats of AaiMoKiA 
(fulminating gold.) 

6. Protochloride cf tin^ containing perchloride of tin, 
produces even in highly dilute solutions of gold, a purple- 
red precipitate or tint at le^ which sometimes inclines 
more to violet or to brown-red. This precipitate has re- 
ceived the name of purple of cassiits ; it is a mixiture 
of peroxide of tin and metallic gold, and is insoluble in 
hydrochloric acid. 

7. Protosalts of iron reduce the peroxide of gold when 
added to its solutions, and precipitate metallic gold as a 
very fine brown powder, which shows a metallic lustre, 
when pressed upon with the blade of a knife, or when 
rubbed. The fluid in which the precipitate is suspended, 
appears of a blackish-blue colour, by transmitted light. 

6. PEROXIDE OF PLATINUM. (Pt Oa.) 

1. The persalts of platinum decompose at a red heat. 
They are of a red-brown colour, which their solutions still 
show, though considerably diluted. The soluble salts when 
neutral redden litmus paper. 

2. Sulphuretted hydrogen precipitates from acid and 
neutral solutions— (but not from alkaline solutions) — after 
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* 

the lapse of some time blackish-brown sulphuret of pla< 
TiNUM (Pt S2«) Potash and alkaline sulphurets dissolve 
it 'vrhen added greatly in excess. Sulphuret of platinuDi 
is insoluble in hydrochloric acid as well as in nitric acid, 
but dissolres readily in aqua regia. 

3. Hydrosulphuret of ammonia produces the same pre- 
cipitate, which completely redissolves in a large excess of 
the precipitant. Acids precipitate it again unaltered from 
this solution. 

4. Potash and ammonia produce in solutions of platinum 
when not too highly dilute, yellow crystalline precipitates 

of CRLORIDB OF PLATINXTM AND POTASSIUM and of CHLd- 

RiDB OF PLATiNtTH AKD AMMONIA, which are insoluble in 
acids, but soluble in an excess of the precipitants, upoh 
the application of heat. The presence oi free hydrochloric 
acid promotes the precipit^on in^ high degree, by effect- 
ing the conversion of the free alkalies into chlorides. 

d. Protochloride of tii^[|^parts an intense dark brown- 
ish RSD COLOUR to solutions of persalts of platinum, but 
without yielding a precipitate ; this reaction is owing to a 
reduction of the peroxide or the perchloride to protoxide 
or protochloride. 

Recapitulation and remarks. — The reactions of gold 
and platinum afford, at least partly, the means of detecting 
these metals as wellgwhen many other oxides are present, 
as also and especially, when platinum and gold are con^ 
tained in one and the same solution. Protochloride of tin 
and protoxide of iron must be mentioned here as particu- 
larly characteristic tests of gold, and with regard to pla- 
tinum the same may be said of potash and ammonia with 
the presence of free hydrochloric acid, or what, in fact, is 
the same, of chloride of potassium and muriate of am- 
monia. 

§ 94. 

Second Class of the Sicoih Group. 
Special Reactions. 

a. OXIDE OP ANTIMONY. (Sb Os.) 

1. The salts of oxide of antimony partly decompose at 
a red heat ; the haloid salts volatilize readily) and without 
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undergoing decomposition. The soluble neural salts of 
antimony redden litmus paper. The solution of oxide of 
antimony in hydrochloric acid is characterized by the na- 
ture of the decomposition it undergoes when diluted with 
water ; in this decomposition, an acid salt remains in solu* 
tion whilst a basic salt is thrown down as a white, bulky 

Srecipitate, which, however, after some time, becomes 
ense and crystalline. Tartaric acid readily dissolves 
this precipitate, and, consequently, prevents its precipita- 
tion when added to the solution before the dilution with 
water. It is by this property that the basic protochloride 
of antimony is distinguished from the basic salts of bis- 
muth formed under analogous circumstances. The oxide 
of antimony, in whatever manner it may have been pre- 
pared, is completely soluble in a hot solution of bitartrate 
of potash. • 

2. Sulphuretted hydrogen precipitates the oxide of an- 
timony from neutral solutions |^|ry incompletely, from al- 
kaline solutions not at all, buTCom acid solutions com- 
pletely, as orange-red sulphuret of antimony (Sb S3.) 
This precipitate is readily dissolved by potash and by al- 
kaline sulphurets, especially if the latter contain sulphur 
in excess, whilst it is almost insoluble in ammonia, and 
totally so in bicarbonate of ammonia, when free from any 
admixture of sulphur, as well as from sulphantimonious and 
sulphantimonic acid. It is insoluble in dilute acids. Con- 
centrated boiling hydrochloric acid dissolves it, with evo- 
lution of sulphuretted hydrogen gas. When heated, with 
free access of air, it is converted into a mixture of anti- 
monious acid with sulphuret of antimony. When defla- 
grated with saltpetre, it yields sulphate of potash and an- 
timoniate of potash. If a potash solution of sulphuret of 
antimony be boiled together with oxide of copper, sul- 
phuret of copper is formed, and oxide of antimony dis- 
solved in potash remains in solution. 

3. Hydrosulphuret of ammonia produces an orange- 
red precipitate of sulphuret of antimony, which readily 
redissolves in an excess of the precipitant. Acids pre- 
cipitate from this solution the sulphuret of antimony unal- 
tered. But the colour of this second precipitate usually 
appears somewhat lighter, owing to an admixture of sul- 
pnur. 
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4. Potash, ammonia, carbonate of potash, and carbonate 
of ammonia, throw down from the solutions of simple 
ealts of oxide of antimony, — but not, at least not immedi- 
ately, from those of tartar emetic or analogous compounds, 
— a white and bulky precipitate of hydrated oxide of 
ANTIMONY Sb O3, HO) which readily redissolves in an 
excess of potash, but is very difficult oi solution in an ex- 
cess of the other three precipitants. 

6. Metallic zinc precipitates from all solutions of oxide 
of antimony, unless containing free nitric acid, metallic 
ANTIMONY as a BLACK POWDER. But if they contain free 
nitric acid, a precipitate of oxide of antimony forms simul- 
taneously with the metallic precipitate. 

6. If a solution of oxide of antimony is mixed with zinc 
and sulphuric acid, the zinc oxidizes not only at the ex- 
pense of the oxygen of the water, but also at tne expens e 
of that of the oxide of antimony. Antimony, therefore, 
separates in its metallic state, but a portion of the 
metal in the moment of its separation combines with the 
liberated hydrogen of the water, forming antimoniuretted 
HYDROGEN (Sb H3.) Ifthis Operation be conducted in a 
gas-evolution flask, connected by means of a perforated cork 
with one limb of a bent tube, the other limb of which ends 
in a finely drawn-out point, pinched off at the top,*) and 
the hydrogen passing through this fine aperture, be kindled, 
after all atmospheric air has been previously expelled, the 
flame appears of a bluish-green, owing to the antimony 
separating in a state of intense heat, during the combustion 
of the antimoniuretted hydrogen ; white fumes of oxide of 
antimony rise firom the flame, which readily condense upon 
cold substances, and are not dissolved by water. If a cold 
substance (such as a porcelain plate) be depressed upon the 
flame, a deep black and almost lustreless spot of metallic 
antimony in, a state of minute division is formed upon the 
surface of the plate. If the tube through which the gas is 
passing be heated to redness in the middle, the bluish- 

* In very minate and exact experiments, it is necessary further to 
transmit the gas through another connecting tube, loosely filled with 
cotton, in order to prevent it from carrying with it any moisture with 
which it may be charged, into the emission part of the tube. Vide 
engraving of Marsh's appaiatas for the reduction of arsenic, ^ 94 (2 7. 
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^reen tint of the flame disappearsi aad a m^allic mirror 
of antimony of silvery lustre is formed within the tube on 
both sides of the heated spot. If a stream of dry stilj^u* 
retted hydrogen be now very riowly transmitted through 
this tube, and the mirror be heated by a spirit-lamp, from 
its outer towards its inner extremity, i. e« in a direction 
^posite to that <tf the gas stream, the mirror of antimony 
changes into sulphuret of antimony, which appears of a 
more or less red-yellow colour, ana almost black when in 
thick layers. If a weak stream of dry hydrochloric acid 
gas be then transmitted through the same glass tube, the 
sulphuret of antimony disappears, immediately, when only 
present in thin layers, and, after a few seconds, when tb^ 
mcrustation is somewhat thicker. For sulphuret of anti- 
mony readily decomposes with hydrochloric acid gas, and 
the nascent chloride of antimony is very volatile in the 
stream of hydrochloric acid gas. If this gas stream be 
transmitted through water, the presence of antimony in the 
latter may easily be proved by means of sulphuretted hy- 
drogen. By this combination of reactions, antimony may 
be distinguished with certainty from all odier metals. 

7. If compounds of antimony mixed with carbonate of 
Boda^ on a charcoal support, be exposed to the reducing 
blow-pipe flamey brittle olobulbs of metallic anti- 
mony are obtained. At the same time, volatilization of 
the reduced and reoxidized metal takes place, which, even 
after the removal of the test specimen from the flame, con- 
tinues for some time, and becomes especially evident when 
a stream of air is directed by means of the blow-pipe 
iipon the surface of the cooling mass. The oxide formed 
is partly deposed on the charcoal as a white crust, and 
partly surrounds the metallic globule in the form of fine 
crystalline needles. 

6. PROTOXIDE OP TIN. (Su O.) 

1. The protosalts of tin are colourless, and decompose 
when heated. The soluble salts when neutral, redden 
litmus paper. When solutions of neutral stannous salts 
are dilutea with water, they become turbid and of a milky- 
white colour, owing to their decomposition into soluble 
acid and insoluble basic salts. The addition of hydro- 
chloric acid causes the milkiness to disappear. 
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2. Sulphuretted hydrogen precipitates from neutral and 
acid, but not from alkaline solutions, dark brown sul- 
PHUKET OF TiBTy (Sn S|) wfaich IS soluble as well in potash 
and in alkaline sulphurets, especially in such as contain 
larger propertiofns ex suldbur, as also in concentrated boil- 
ing hydrochlmc acid. Boiling nitric adki ccmyerts it into 
insoluble peroxide of tin. 

3. Hyaresulphuret cfatnmwma occasions the same pre- 
cipitate of suLPHir&ET OF TIN, which very sparingly di8<- 
solyes in an excess of the precipitant. If tne hydrosul- 
phuret of ammonia has already turned yellow, i. e* if it 
contains an excess of sulphur, or if finely powdered sulphur 
be added, the solution is much facilitated. From this 
solution, in hydrosulphuret of ammonia, with excess of 
sulphur, acids precipitate yellow bisulphuret of tin mixed 
with sulphur. 

4. Potdshf ammoniOf carbonate ofpotash^ and carbonate 
of ammoniay produce a white and bulky precipitate of 
HTDRAT£D PROTOXIDE OF TiNj (Sn O, HO,) which readily 
dissolves in an excess of potash, but is insoluble in an 
excess of the other three precipitants. 

5. Perchloride of gold produces in solutions of pro- 
tochloride oar protoxide of tin, a precipitate or tinge of 
pu&FLE OF 6ASSIUS, on the addition of some nitric acid, 
(without the application of heat,) vide § 93, a. 6. 

6. If to a solution of protochloride or protoxide of tin^ 
scdution of perchloride of mercury be added in excess, a 
white precipitate of protochloride of mercury will be 
formed owing to the salt of tin depriving the perchloride of 
mercury of half its chlorine. . 

7. Ii proto-compounds of 'tin be mixed with carbonate 
cf soda and some boraxj or better still, with equal parts of 
carbonate of soda and cyanide of patasstumy and then, on 
a charcoal support, be exposea to the inner blow^pe 
flamey ductile grains of metallic tin will be obtained, 
without simultaneous incrustation. They may be most 
easily detected by scraping off Uie specimen and the par* 
tides surrounding, that part of the charcoal which con* 
tained the specimen, strongly triturating them in a mortart 
and washing the coal off from the metallic particles. 
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C. PEROXIDE OP TIN. (Sn Oj,.) 

1. Peroxide of tin exists in two modifications which ex- 
hibit a diflFerent relation to solvents. When precipitated 
from its salts, by alkalies, it. is easily soluble both in pot- 
ash and acidsi but when produced by oxidation of metaiUc 
tin by means of nitric acid, it is insoluble in these solyents, 
(the precipitated oxide of tin also becomes insoluble on 
being heated to redness.) The insoluble modification is 
converted into the soluble, by fusion with carbonate of 
soda. 

2. The persalts of tin are colourless and decompose at a 
red heat. The soluble neutral persalts of tin redden litmus 
paper. 

3. Sulphuretted hydrogen throws down, from acid and 
neutral solutions, a yellow precipitate of bisulphuret of 
TIN, (Sn Sa.) Alkaline solutions are not precipitaled- 
The bisulphuret of tin is soluble in pure alkalies, in alka- 
line carbonates and bicarbonates, in alkaline sulphurets, 
and in concentrated and boiling hydrochloric acid. Nitric 
acid converts it into insoluble peroxide of tin. On defla- 
grating bisulphuret of tin with nitre, sulphate of potash, and 
stannate of potash are formed. If a solution of bisulphuret 
of tin in potash be boiled with oxide of copper, sulphuret 
of copper and peroxide of tin will be formed, which latter 
substance remains in solution in the potash. 

4. Hydrosulphuret of ammonia produces the same pre- 
cipitate of BISULPHURET OF TIN, which readily redissolves in 
an excess of the precipitant. Acids reprecipitate from their 
solution, the bisulphuret of tin in its unaltered state. 

5. Potash and ammonia, carbonate of potash and car- 
bonate of ammonia^ precipitate a white hydratbd pe- 
roxide OF tin, which readily redissolves in potash and car- 
bonate of potash (in excess,) but is sparingly soluble in 
ammonia, and quite insoluble in carbonate of ammonia. 

6. Metallic zinc precipitates, from solutions of perchlo- 
ride or persalts of tin, when containing no free nitric acid, me- 
tallic TIN, in the shape of small gray leaves or as a spongy 
mass. If, on the contrary, nitric acid be present, white 
peroxide or a mixture of metallic tin and of peroxide of tin 
will precipitate. 
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7. The per-compounds of tin exhibit the same proper- 
ties before the blow -pipe as the proto- com pounds. 

c!. ARS£NI0US ACID. (As O3.) 

1 . Arsenious acid on being heated volatilizes in while 
inodorous vapours. Its salts, on being heated to redness, 
generally are decomposed into fixed arseniates and arsenic, 
'which volatilizes. Of the arsenites, only those with an 
alkaline base are soluble. 

2. Sulphuretted hydrogen precipitates the solutions of 
arsenious acid and of neutral arsenites, slowly and incom- 
pletely, but when a free acid is present, totally and imme- 
diately; these precipitates have a hvely yellow colour. 
Alkaline solutions are not precipitated. The yellow pre- 
cipitate of suLPHO- ARSENIOUS ACID, (As S3,) is readily 
and completely redissolved in pure alkalies, in alkaline 
carbonates and bicarbonates, and in alkaline sulphurets, 
but is almost insoluble in hydrochloric acid. Boiling nitric 
acid readily decomposes and dissolves it. On deflagrating 
it with carbonate of soda and nitrate of potash, arseniated 
alkali and sulphated alkali are obtained. When a solution 
of sulpharsenious acid in potash is boiled with oxide of 
copper, sulphuret of coj>per and arseniate of potash are 
formed ; and when the same solution is boiled with pure 
oxide of bismuth, or with a carbonate of basic nitrate of 
the same substance, sulphuret of bismuth and arsenious 
acid are formed. If sulpharsenious acid be mixed with 
from three to four parts of carbonate of soda, with the ad- 
dition of some water, and the magma be then spread over 
some small glass splinters, and the latter, after having been 
well dried, be rapidly heated to redness, in a glass tube, 
(c. vide sketch,) through which dry hydrogen gas is trans- 
mitted, half of the arsenic contained in the mixture forms 
a metallic mirror within the tube. For when fusing two 
eq. of sulpharsenious acid, together with four eq. of soda 
sulpharsenico sulphuret of sodium and arsenite of soda are 
formed ; heating these products in hydrogen gas, all the 
arsenic is expelled, if the heat is strong and continuous. 
This method, although a great portion of the reduced 
arsenic is carried off, suspended in the hydrogen gas, 
yields, nevertheless, very good results. If the hydrogen 
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gu be kindled at the exit aperture of the tube e, and a 
cold porcelain plate depressed on the flame, thii arsenic 
(carried away with the hydrogen gas) will condense upon 
the plate. If a red heat be applied to another part of the 
tube c, more towards its anterior aperture, (the part firet 
heated beiiw at the same time maintained at a red heat,) 
another sublimate will be formed beyond the heated spot, 
the particles of arsenic carried away with the stream of^the 
hydrogen gas, being reconverted, at the red hot spot, into ar- 
senic vapours in a state of expansion, and thus condensing 
again as a sublimate, on coming into contact with the cold part 
of the glass tube. If the heat thus simultaneously applied 
to two parts of tlie lube be strong, whilst the stream of 
the hydrogen gas is feeble, scarcely any arsenic will be 
carried away with the gas. No arseniuretted hydrogen is 
formed in this operation and those who explain the pheno- 
mena just descnbed, by the formation of arseniuretted hy- 
drogen, are in error. (Fresenius and Babo.) The appa- 
ratus may be constructed as in the annexed sketch. 



p«" 




a is the evolution flask, b a tube containing chloride of cal- 
cium, c the tube in which, at the point d, the glass splin- 
ter with the specimen is placed. This part is then (the 
apparatus being completely filled with pure hydrogen gas) 
exposed to a slight neat, at first, in order to expel all 
moisture, and then suddenly to a very strong heat, (this is 
best done with a blow-pipe,) to prevent the sublimation 
of undecomposedsulphuretof arsenic. The metallic mirrOT 
is formed near the point e. 
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8. Hydrosulphuret of ammonia causes also the fonna*- 
tion of 8ULPHARSBNI0VS ACID. In neutral or alkaline so- 
lutions, however, this substance is not precipitated, but 
reHiains in solution as sulpharsenico sulpnuret of ammo- 
nia. On the addition of free acid it precipitates imme- 
diately from this solution. 

4. Nitrate of «7t?er produces in neutral solutions of the 
sursenites, a yellow preciptate of arseniTe of silyeRi 
(2 Ag O, As O'.) which is soluble both in dilute nitric 
acid and in ammonia. Ammonio-nitratb of silver 
yields the same precipitate with solutions of arsenious acid 
or arsenites when containing free acid. 

6. Sulphate of copper and ammonia sulphate of copper 
producey under the same circumstances as the salts of 
silver, yellow fflreen precipitates of arsenite of coppERy 
(2 Cu O, As O'.) 

6. If arsenious acid be dissolved in solution of caustic 
potash in excess, or if the solution of an alkaline arsenite 
be mixed vrith caustic potash) and a few drops of a dilute 
solution of sulphate of copper be added and the mixture 
boiled, a red precipitate of protoxide of copper is formed, 
and arseniate of potash remains in solution. This reac- 
ticmis highly sensible, provided only a minute quantity of 
Bolution of blue vitriol oe used» If the red precipitate of 
protoxide of copper is no longer distinctly visible on the 
li^ht falling through the tube in which the solution is con- 
tamed, it will yet be distinctly seen on looking in at the 
top of the tube. That this reaction, Uiough really im- 
portant in individual cases as a confirmatory test oi arse- 
niouis( acid, and especially as a means of distinguishing 
arsenious acid frcMn arsenic acid, yet cannot be employed 
as a means of directly detecting the presence of arsenic, 
is a matter of course^ since grape sugar and other organic 
substances in the same manner separate protoxide oi cop- 
per from salts of copper. 

7* If an acid or neutral solution of arsenious acid, or of 
an arsenite, be mixed with zinc, water, and sulphuric acid, 
AJLSENiURETTED HTDRooEN (As Hs) will be formed ; for 
the mode of its formation we refer to § 94, a 6. This pro- 
perty of arsenic affords us a most delicate test for its de- 
tectiotui and a highly important means for its isolation. The 
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Operation is, under all circumstances, conducted in the ap- 
paratus alluded to, { 94, a 6, of which we annex a sketch. 



i 



a is the evolution flask, containing fragments of metal- 
lic zinc, and water j b a funnel tube, through which the 
sulphuric acid, and afterwards the liquor to be tested for 
arsenic, are poured into the iiask ; c is a glaus tube, loosely 
filled wilii smooth cotton, to which a bent tube, d, iafittal 
by means of a perforated cork ; this tube is drawn out into 
a point, at its emission extremitVt c, and pinched off at the 
top. When the evolution of hydrogen has proceeded for 
some considerable time, so that it may safely be inferred 
that all atmospheric air has been expelled from the appar- 
atus, the gas IS kindled at the emission aperture of the 
tube, d, e. (It h advisable to envelop the flask with a 
piece of cloth before kindling the gas, as an effectua means 
ofpreventing any accident, should an explosion lake place.) 
It is absolutely necessary to ascertain, first, whether the 
zinc and the sulphuric acid are quite free from arsenic. 
For this purpose, Ist, a porcelain plate is depressed upon 
the fiame, and, 2d. the tube de\& heated to redness in the 
middle, the limb e being turned into a horizontal position 
for thispurpose. If no incrustation be formed, neither on 
the plate nor in the tube, the zinc and sulphuric acid con- 
tain no araenic. The liquor to be tested is then introduced 
into the fiask through the fimnel tube. If it contain arsenic, 
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arseinuretted hydrogen will be evolved together with the 
hydrogen, imparting a bluish tint to the flame, owing to the 
B^rsenic separating at a red heat* At the same time white 
fiimes of arseniousacid are observed, which condense upon 
cold objects. If a porcelain plate be now depressed upon 
tlie flame, black spots are formed on its surface, owing to 
the reduced and not yet reoxidized arsenic condensing on 
the plate. (Vide antimony, § 94, a 6) Arsenic spots are 
of a rather blackish brown colour, and bright metsillic lus- 
tre ; whilst those of antimony are of a deep black colour, 
and but very feebly lustrous. If the tube a e be heated to 
redness in the middle of its limb d, the arsenic will con- 
dense in the cold part of the tube, forming a particularly 
beautiful and distinct metallic crust, which is of a darker 
appearance and less silvery than that formed by antimony 
under similar circumstances ; it ixiay, moreover, be clearly 
detected by the characteristic odour of garlic which is per- 
ceived, if the tube is cut off near the incrustation, and the 
latter then volatilized by heat. The characteristic odour 
of alcarsin (vide 10 seq.) is even a Safer indication than 
that of garlic. If the metallic spots of crust formed on the 
porcelain plate seem to indicate the presence of arsenic, it 
is still necessary to make quite sure that it is really arsenic 
and not antimony we have before us, for even the charac- 
teristic odour, of garlic or alca|gin is not sufficient to set 
all doubts at rest as to this point. The following are the 
best methods of ascertaining the presence of arsenic be- 
yond doubt: — 

a, fine and distinct metallic mirror is formed within the 
tube through which the arseniuretted hydrogen passes, on 
heating its middle jjart to redness. A very feeble stream 
of dry sulphuretten hydrogen is then transmitted through 
this tube, with simultaneous application of the heat of a 
spirit-lamp to the metallic crust, from its outer towards its 
inner extremity. If arsenic alone be present, a yellow sul- 
phuret of arsenic will be formed within the tube ; and if 
antimony alone be present, an orange or black sulphuret of 
antimony : but if both metals be present, both sulphurets 
will be formed side by side, the sulphuret of arsenic, as the 
more volatile, always preceding the sulphuret of anti- 
mony. Not long ago, this conversion of antimony and 
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arsenic into sulphurets was suggested as the surest means 
of distinguishing these two metals from each other. Ex- 
perience has, however) taught us that these differences in 
colour and volatility are not striking enough to prevent th^ 
possibility of mistakes. But if dry hydrochloric acid gas 
De transmitted through the tube containing the deposit 
under examination, without application of heat, no altera- 
tion whatever will take place u sulphuret of arsenic alone is 
present, even if the gas be transmitted through the tube 
for a considerable time. If sulphuret of antimony alone be 
present, it will entirely vanish, and if both sulphurets b^ 

^ present, the sulphuret of antimony will vanish immediately, 
whilst the yellow sulphuret of arsenic remains. If a smali 
quantity of ammonia be then introduced into the tube, tiie 
sulphuret of arsenic will dissolve, and may thus easily be 
distinguished from the sulphur, which, peradventure, may 
have separated. My personal experience has convinced 
me of the infallibility of these tests for the detecticm of 
arsenic. 

6. The limb e (vide sketch of the aj^aratus) is turned 

' into an horizontal position, and the gas kindled and made 
to bum in a small glass receiver, having a capacity of about 
twelve ounces. This receiver is placed in a beaker glass 
filled with cold water, and constantly turned and moved, 
so as to prevent its becomixig hot. After some time» 
when the oxygen in the receiver becomes exhausted, and 
the flame grows feeble, another is substituted for the first, 
and several are filled in this manner. They contain, 1st, 
arsenious acid alone, or, 2d, oxide of antimony alone, or, 
3d, both together. If the first be the case, the white sub- 
limate obtained will completely dissolve in hot water, and 
the solution may then be further tested for arsenic. In the 
second case, nothing will dissolve, nor in the third, if the 
oxide of antimony is present in sufficient quantity, as this 
gives rise to the formation of arsenite of antimony. The 
arsenic in this last case may be detected by dissolving the 
sublimate in slightly dilute solution of potash, and adding 
sulphuretted hydrogen first, and then bicarbonate of am- 
monia in excess* All the antimony will precipitate as 
sulphuret of antimony, whilst the sulphuret of arsenic 
r^nains dissolved in the excess of bicarbonate of anunonia. 
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"Fha salphiiret of arsenic precipitates on the addition of 
liydrochioTic acid to the solution^ till an acid reaction 
becomes manifest. Marsh was the first who suggested 
the method of detecting arsenic by the production of arse- 
iiiuretted hydrogen. 

8. If arsenious acid or an arsenite be mixed with car- 
honate <if soda and 'charcoal, and the mixture (which 
must be perfecdy dry) be then heated over a spirit-lamp 
to redness, in a well-dried glass tube, closed at one end, 
and drawn out into a point at the other, the charcoal will 
oxidize at the expense of the oxygen of the arsenious acid, 
and arsenic will become liberated, which volatiUzes and 
condenses above the heated part of the tube, forming a 
more or less dark brown metallic mirror of great lustre* 
This crust may be further driven on in the tube by gra* 
dually heating the latter to redness towards its emission 
aperture, and may thus finally be expelled, when the char 
racteristic odour of arsenic (on volatilizing in the air) will 
afford a further proof of its presence. For the reduction 
of the free arsenious acid, a mere fragment of charcoal is 
used, instead of carbonate of soda and charcoal ; the arse* 
nious acid is introduced into the drawn-out point of the 
lube, the fragment of charcoal is placed over it and heated 
to redness ; heat is then applied to the point of the tube. 
This process has the advantage over the former of not 
soiling the tube, which is done when operating with car- 
bonate of soda and charcoal. The non-appearance of the 
metallic crust is not always a sure sign tnat no arsenic is 
present, when testing a supposed arsenite by means of 
carbonate of soda and charcoal, as there are several com- 
pounds of arsenious acid, especially of those with heavy 
metallic oxides, as e. g. oxide of iron, which do not yield 
metallic mirrors. 

9. If arsenites, or arsenious acid, or a sulphuret of arse* 
nic, be fused toffether with a mixture of dry carbonate of 
soda and cyanide of potassium, all the arsenic contained 
in the test specimen will become reduced, under all cir- 
cumstances, and scHnetimes the bases also, if their proper- 
ties admit of this reduction ; in this process the oxygen 
which these substances lose, converts a portion of the 
cyanide of potassium into cyanate of potash. The opera* 
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tion is conducted in the following manner : — the arsenic 
compound, which must be perfectly dry, is put into a 
small glass tube, expanded into a bulb at one end, and 
covered with six times its quantity of the mixture of per- 
fectly dry carbonate of soda and cyanide of potassium. 
The quantity of the whole mass must not fill more than 
half of the bulb, or else the cyanide of potassium, when 
in fusion, will get into the tube. The heat of a spirit- 
lamp is then applied to the bulb, and continued, as the 
arsenic often requires some time for its complete sublima- 
tion. The mirrors which are obtained in this process are 
of exceeding purity. These crusts are produced from all 
arsenites, the bases of which remain either altogether un- 
reduced, or are converted into such arseniurets as partly 
or totally lose their arsenic on the simple application of 
heat. This method may be especially recommended on 
account of its simplicityt neatness, and. cleanness, as well 
as for the certainty of its results, even though but minute 
quantities of arsenic be present. It is especially adapted 
for the direct production of arsenic from sulphuret of arse- 
nic, and is, in this respect, superior to all other methods 
suggested. The most exact results are obtained by 
placing the sulphuret of arsenic, rubbed together with 
twelve times its amount of a mixture consisting of three 
parts of dry carbonate of potash, and one part of cya- 
nide of potassium, into a glass tube, open at its anterior 
extremity. 




The mixture is best introduced into the tube by means of 
a slip of paper, folded into the shape of a gutter. This 
paper containing the mixture is inserted into the tube, and 
the latter then being turned half way round its axis, the 
powder falls into it (at the spot a c) without soiling any 
other part. The tube is then gently heated in its entire 
length, transmitting at the same time a very slow stream 
of dry carbonic acid gas (dried by means of sulphuric acid) 
through it, till all water is expelled. The spot h is then 
heated to a feeble degree of redness, when, as this point is 
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attained, the mixture is heated from a towards c, by means 
of a second lamp. The arsenic condenses at dj forming 
a crust of admirable purity. In this manner the most 
distinct metallic mirrors may be obtained, from one 260th 
part of a grain of sulphuret of arsenic, and even less. 
Fresenius and Babo. 

10. If to arsenious acid (either in solid form or in solu- 
tion) some acetic acid, and then some potash in excess, 
be added, the mixture evaporated to dryness, and the resi- 
due heated to redness in a lube, alcarsin (Oxide of cacodyl. 
C4 Hfl As+O) will be formed, which is immediately 
detected by its characteristic and insupportable odour. 
This odour immediately changes into that not less charac- 
teristic of chloride of cacodyl, when the contents of the 
tube are again exposed to heat, with the addition of a few 
drops of protochloride of tin. This property affords us 
also a means of further testmg the metallic crusts obtained 
by Marsh's apparatus. They are for this purpose boiled 
wiih water containing atmospheric air, till completely 
dissolved; acetic acid, and potash in excess, are then 
added to the solution, which is evaporated to dryness, the 
residue heated to redness in a small tube, and the further 
operation conducted as just now slated. Bunsen has 
recently suggested this method of testing crusts of arse- 
nic ; these are, however, but slowly dissolved in boiling 
water containing air. 

11 . If arsenious acid or an arsenite be exposed on a 
charcoal support to the reducing flame of a blow-pipe^ a 
highly characteristic odour of garlic will be perceived, 
especially if some carbonate of soda be added to the test 
specimen. This odour is owing to the reduction and reox- 
idation of the arsenic, and enables us to detect even minute 
quantities of this sulDStance. This test, however, cannot 
be implicitly relied upon. The garlic odour belongs nei- 
ther to the vapour of arsenious acid, nor to those of arsenic, 
but probably to a lower degree of oxidation of the latter 
substance. It is always perceived on exposing arsenic to 
heat, with the free access of air. 

6 
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e. ARSENIC ACID. (AsO,.) 

1. Arsenic acid and the arseniates are volatile only at a 
very high degree of heat. Nearly all the arseniates are 
colourless, and insoluble in water, with the exception of the 
alkaline arseniates* 

2» Sulphuretted hydrogen does not precipitate alkaline 
and neutral solutions •, in acid solutions it produces a yel- 
low precipitate of sulpharsenic acid, (As S^.) In dilute 
solutions this precipitate is often formed after the lapse of 
a considerable time (twenty -four hours.) Heat promotes 
its separation. The sulpharsenic acid shows the same 
relations as the sulpharsenious acid to these solvents and 
means of decomposition which we have mentioned when 
treating of the latter substance. If to a solution of free 
arsenic acid or of an arseniate, sulphurous acid is added, 
this latter substance decomposes with the arsenic acid, 
giving rise to the formation of arsenious acid and sulphuric 
acid. If sulphuretted hydrogen, and if needed, an acid be 
then add^d, all the arsenic will immediately precipitate as 
sulpharsenious acid. 

3. Hydrosulphuret of ammoma in neutral and alkaline 
solutions, converts arsenic acid into sulpharsenic acid, 
which remains in solution as sulpharsenico-sulphuret of 
ammonium. This compound is decomposed on the addition 
of an acid, and sulpharsenic acid precipitates. This pre- 
cipitation is more rapid than that from acid solutions 
by means of sulphuretted hydrogen. It is promoted by 
heat. 

4. Nitrate of silver produces in neutral solutions of the 
arseniates highly characteristic reddish-brown precipitates 
of ARSENIATE OF SILVER, (3 Ag 0, As O,) which is solu- 
ble both in dilute nitric acid and in ammonia Ammonio- 
nitrate of silver yields the same precipitate with solutions 
of arsenic acid or arseniates. 

5. Ammonia-sulphate of copper produces under the same 
circumstances as the salts of silver, greenish blue pre- 
cipitates of ARSENIATE OF COPPER. (2 Cu O, As O5.) 

^The arseniates present the same relations as the 
aijienites to hydrogen^ to carbonate of soda, and char- 
coalf to cyanide of potassium and before the blow-pipe. 
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Recapitulation and remarks. — The separation and safe 
detection of the oxides belonging to the second section of 
the sixth group, and especially of oxide of tin, presents 
difficulties under certain circumstances. The protoxide 
of tin may be easily and safely detected by its reaction 
with perchloride of gold, even in the presence of other 
oxides. The separation of peroxide of tin from oxide of 
antimony succeeds pretty well in the humid way by means 
of a hot solution of bitartrate of potash, or of a solution of 
free tartaric acid ; but it succeeds only when the peroxide 
of tin is present in the form of the modification obtained by 
the action of nitric acid on metallic tin. To obtain this 
modification, it is necessary to reduce the substance under 
examination by means of zinc, if this substance is not an 
alloy ; in this reduction the presence of nitric acid must be 
carefully avoided. The method of separating the sulphu- 
rets by means of ammonia gives rise to errors, as the higher 
degrees of sulphuration of the antimony are soluble in 
ammonia ; and even the simple sulphuret of antimony is not 
absolutely insoluble in it, when mixed with a trace of free 
sulphur, which cannot easily be avoided. The presence 
of peroxide of tin is certain only when a ductile metallic 
grain of tin is obtained in the reducing flame; its ductility 
in this case enables us to distinguish it from antimony. This 
reduction is very easily efiected before the blow-pipe by 
means of a mixture of equal parts of cyanide of potassium 
and carbonate of soda ; but care should be taken that the 
peroxide of tin be not mixed with nitre, which causes it to 
deflagrate, &c. Peroxide of tin and oxide of antimony- 
may be detected before the blow-pipe, even if combined, 
the antimony being distinguished by its characteristic oxi- 
dation crust, and the tin by its ductility after the volatili- 
zation of the antimony* Inexperienced students, however, 
generally fail in this method. Antimony may, moreover, be 
detected by the decomposition of chloride of antimony by 
means of water, and by the colour of its sulphuret. If the 
sulphuret of antimony is mixed with a large proportion of 
any of the sulphur-compounds of arsenic, this latter mark 
of detection is unsafe. In this case the mixed sulphurets 
may be heated to redness, which causes the sulphuret of 
arsenic to volatilize ; and the residue may be dissdved m 



136 ARSENIC ACID. 

hydrochl<»ric acid, and thia solution again tested by means 
ot sulphuretted hydrogen. 

The detection of arsenic upon the whole can by no 
means be said to be difficult ; but, nevertheless, frequent 
errors take place, especially if we content ourselves with 
drawing definite conclusions from individual reactions, 
such as the characteristic odour when heated on charcoal. 
We must, therefore, lay it down as a rule that the presence 
of arsenic can only be proved by a concurrence of the 
various reactions, and especially by the formation of me- 
tallic arsenic. It may be pretty completely separated from 
tin by defla^ating the sulphurets with carbonate of soda 
and nitre. The presence of tin does not, however, prevent 
the detection of arsenic. But the case is different with 
antimony, .especially in testing by Marsh's method, which 
is now so generally followed. A metallic mirror obtained 
by Marsh's apparatus ought, therefore, never to be consi- 
dered as a proof of the presence of arsenic, if further tests 
do not give the most certain conviction that the metallic 
crust is indeed produced by arsenic. And this conviction 
is sometimes very difficult to be obtained, when we operate 
uj)on very minute quantities, so that the formerly used 
methods of reduction are by far superior to Marsn's me- 
thod, as far as certainty is concerned, although it cannot 
be denied that they do not equal it in delicacy, nor in 
rapidity and convenience. The complete separation of 
arsenic from antimony may be effected by means of bicar- 
bonate of ammonia, the simple sulphuret of antimony being 
insoluble in this substance, whilst sulphuret of arsenic 
readily dissolves in it. But this method of distinction 
yields a positive and certain result only in a few cases, 
viz. in those where we are quite sure that the simple sul- 
phuret of antimony cannot be mixed with a higher sul- 
phuret of antimony, nor with free sulphur, whilst in all 
other cases it easily gives rise to mistakes. It is, there- 
fore, exceedingly well adapted for the testing of the 
products of combustion obtained by means of Marsh's 
apparatus, (vide § 94, d 7, b,) but it cannot be used for the 
separation of the sulphurets obtained in the usual way. 
And even less complete are those separations of antimony 
from arsenic which are founded on tiiie relations of ^eir 
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sulphurets to concentrated hydrochloriopacid or to caustic 
ammonia. The separation of both metals from each other 
does not succeed even by dissolving the sulphuret in 
potash, and boiling the solution with oxide of copper. A 
far more certain result may be obtained by deflagrating 
the sulphurets with carbonate of soda and nitre, treating 
the mass obtained with water, filtering, and decomposing 
with nitric acid the basic alkaline antimoniatesi which the 
filtrate contains in solution to a small extent. By means 
of this process almost all the antimony is obtained as an 
insoluble, and all the arsenic as a soluble compound* 

The presence of antimony cannot easily give rise to any 
errprs in the reduction of arsenites or arseniates, by means 
of carbonate of soda and charcoal, or cyanide of potassium 
and carbonate of soda. The reduction of sulphuret of 
arsenic by means of cyanide of potassium and carbonate 
of soda, in a stream of carbonic acid gas, does not admit 
even of the possibility of confounding arsenic with anti- 
mony, and is of all methods best adapted to yield a most 
conclusive proof of the presence of arsenic. Nitrate of 
silver is the safest test for distinguishing arsenious acid 
from arsenic acid, in their aqueous solutions. If extra- 
neous substances be contained in the solution, they prevent 
its being directly tested for arsenious or arsenic acid ; in 
that case the solution must be completely precipitated by 
means of sulphuretted hydrogen, and the sulphurets 
obtained dissolved in liquor of potash ; this solution must 
then be boiled with pure oxide of bismuth, or with the 
carbonate or basic nitrate of bismuth ; the liquid is then 
filtered oflf from the sulphuret of bismuth formed ; one 
part of the filtered liquid is tested for arsenious acid by 
means of sulphate oi copper, according to the methoa 
described § 94, d 6, and the other part for arsenic acid, by 
means of nitrate of silver, after neutralization with nitric 
acid. 

B. RELATIONS OF THE ACIDS TO REAGENTS. 

§ 95. 

We divide the reagents which serve for the determina- 
tion of acids, in like manner as those used for the deter- 
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mination of the b^es into general reagents, i. e. such 
as indicate the group to which the acid under examina- 
tion belongs ; and special reagents, i. e. such as en- 
able us to detect the individual acids. The determina- 
tion and limitation of the groups can hardly be made with 
the same degree of exactness with the acids as with the 
bases. 

The two principal groups into which acids are divided 
are that of inorganic and that of organic acids. No 
characteristic distinction can, however, be selected which 
is applicable through the entire series ; for we can neither 
select the ternary composition as a distinguishing mark of 
organic acids, nor can we define organic acids to be such 
as require for their formation the co-operation of the vital 
power, for this definition not only leaves us in doubt as to 
a great many acids, for instance, formic acid, uric acid, 
Ace, but it is in itself altogether unscientific, since all the 
vital processes in the animal and vegetable body are, iu 
fact, merely modified chemical processes. We shall, 
therefore, select, as the characteristic mark by which we 
divide organic from inorganic acids, the properties they 
exhibit at a high temperature, calling those organic acids, 
the salts of which — (especially ihose with alkaline bases 
or bases of the alkaline earths)— are decomposed at a red 
heat, with separation of carbon. This mark of distinction 
has the advantage of being easily perceived, and of en- 
abling us by a very simple preliminary experiment imme- 
diately to ciecide upon the principal group to which an 
acid belongs. 

1. INORGANIC ACIDS, 

First Group. 

acids which are precipitated from their neutral 
SOLUTIONS BY CHLORIDE OP BARIUM: Arsenic Acid, 
Arsenious Acidj Chromic Add, Sulphuric Acid, Phos- 
phoric Acid, Boracic Acid^ Oxalic idcid^ Hydrofluoric 
Acid, Carbonic Acidy Silicic Acid. 

We Subdivide this group into four classes, as follow : 
1. Acids which are decomposed, in their acid solutions, 
by sulphuretted hydrogen, and which we have, there- 
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fore, already remarked upon, when treating of the 
bases, viz. arsenious acid, arsenic acid, and chro- 
mic ACID. 

^^ Acids which are not decomposed, in their acid solu- 
tions, by sulphuretted hydrogen, and the barytes com- 
pounds of which are insoluble in hydrochloric acid. 
Sulphuric acid alone belongs to tlus class. 

3. Acids which are not decomposed, in their acid solu- 
tions, by sulphuretted hydrogen, and the barytes com- 
pounds of which are dissolved by hydrochloric acid, 
w^iTHouT decomposition: these are phosphoric 

ACID, BORACIC ACID, OXALIC ACID, and HYDROFLUORIC. 

(Although we intend to treat of oxalic acid also in the 
organic group, yet we must consider this acid, in the 
inorganic group too, since its salts have the property 
of being decomposed at a red heat, without real car- 
bonization, and it might, therefore, easily be over- 
looked as an organic acid.) 
4. Acids which are not decomposed, in their acid solu- 
tions, by sulphuretted hydrogen, and the barytes salts 
of whicn are soluble in hydrochloric acid, with de- 
compositfon: carbonic acid, silicic acid. 

First Section of the First Group of the Inorganic 

Acids. 

4 96. 

a. The arsenious acid and arsenic acid, are, as we 
have stated, decomposed by sulphuretted hydrogen, so as 
to separate their corresponding sulphuret?. On account 
of this property, we have considered them together 
with the bases, as it leads to confounding them with the 
metallic oxides rather than with other acids. (Vide § 93.) 

b, chromic acid. (CrOg.) 

1. The chromates are all red or yellow ; most of them 
are insoluble in water. Some of them are decomposed at 
a red heat ; those with an alkaline base are fixed, and solu- 
ble in water ; the solutions of the neutral chromates are 
yellow, those of the acid chromates are red. These tints 
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are still visible in highly dilute solutions. The yellow 
colour of a neutral solution changes into red on the addi* 
tion of a mineral acid, owing to the formation of an acid 
salt. 

2. Sulphuretted hydrogen reduces the chromic acid, as 
wdl^when free as combined in solution, so as to give rise 
to the formation of oxide of chromium, water, and sulphuric 
acid, with precipitation of sulphur. Heat promotes this 
decomposition. If no free acid is present, only a portion 
of the oxide of chromium formed is kept in solution by the 
sulphuric acid formed at the same time, and a greenish- 

a precipitate is obtained, consisting of a mixtmre of 
ated oxide of chromium and sulphur. But if free 
acid is present, a far less considerable precipitate of pure 
sulphur is obtained. The salt of oxide of chromium formed 
imparts a green tint to the fluid, in either case. 

3. Chromic acid may be reduced to chromic oxide by 
means of many other substances, especially by sulphutous 
acidf or by being heated with hydrochloric acid^ particu- 
larly on the addition of alcohol, (whereupon hydrochloric 
ether and aldehyde escape,) or by metallic zinc, or by 
heating with tartaric acid^ oxalic acid, &c. All these re- 
actions are clearly characterized by the red or yellow colour 
of the solution changing into the green tint of the salt of 
oxide of chromium. 

4. Chloride of barium produces a yellowish white 
precipitate of chromate of barytes (Ba O, Cr O3) 
which is soluble in hydrochloric and in nitric acid. 

5. Nitrate of silver produces a dark purple precipitate 
of CHROMATE OF SILVER (Ag O, Cr O^.) which is soluble 
in nitric acid and in ammonia. 

6. Acetate of lead produces a yellow precipitate of 
chromate of lead (Pb O, Cr O3) which is soluble in 
potash, and sparingly soluble in dilute nitric acid. .The 
5^ellow colour of this precipitate changes to red, on the ad- 
dition of ammonia. 

T. If insoluble chromates be fused with carbonate of 
soda and nitre, and the fused mass dissolved in water, a 
YELLOW coloured fluid will be obtained, the colour of which 
is owing to the dissolved alkaline chromate ; on the addi« 
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tion of an acid, this colour changes to red. The oxides 
remain either in iheir pure state or as carbonates* 

Remarks.— When testing for bases we always find the 
chromic acid as chromic oxide, since sulphuretted hydrogen 
converts the acid into the oxide. The colour of the solution 
is so characteristic, that a further testing for it is almost 
unnecessary. If we have any reason to suppose that chro- 
mic acid is present in aAubstance under examination, and 
if metallic oxides are at the same time in the solution, we 
prefer reducing the chromic acid by means of hydrochloric 
acid and alcohol, to effecting this reduction by sulphuretted 
hydrogen. The reactions with salts of silver and of lead 
afford a safe test in aqueous solutions. 

Second Section of the First Group of the Inorganic Acids, 

§97. 

SULPHURIC ACID. (S O3.) 

1. The sulphates are, for the most part, soluble in 
water ; the insoluble sulphates are generally white, the 
soluble sulphates are for the most part colourless in their 
crystalline state. The sulphates of alkalies and of alka- 
line earths are not decomposed by a red heat. 

2. Chloride of barium produces in solutions of sul- 
phuric acid and sulphates, even when extremely dilute, a 
heavy white precipitate of sulphate op barytes (Ba O, 
SO 3) in the form of a fine powder ; this precipitate is inso- 
luble in hydrochloric acid and in nitric acid. 

3. Acetate of lead produces a heavy, white precipitate 
of sulphate of lead (Pb O, SO3) which is sparingly 
soluble in dilute nitric acid, but completely so in not and 
concentrated hydrochloric acid. 

4. Those sulphates which are insoluble in water and 
acids, are converted into carbonates on being fused with 
alkaline carbonates, giving at the same time rise to the 
formation of an alkaline sulphate. 

5. The sulphates of alkalies and alkaline earths, may- 
be reduced to sulphurels by being exposed on charcoal to 
the reducing flame of the blow-pipe either by themselves 

6* 
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or (and with greater facility) mixed with carbonate of 
soda and charcoal. These sulphurets may be detected by 
the odour of sulphuretted hydrogen which they emit upon 
being moistened with a few drops of an acid. If this is 
done on a paper which has been previously dipped into a 
solution of lead, or on a clean silver plate, (such as a po- 
lished coin,) a black stain of sulphuret of lead or sulphuret 
of silver is immediately formed. 

Remarks. — Of all acids, sulphuric acid is almost the 
easiest to be detected, by its characteristic and excessively 
sensible reaction with salts of barytes. It is only neces- 
sary to take care not to mistake for sulphate of barytes, 
precipitates of chloride of barium, and especially of nitrate 
of barytes, which are formed when aqueous solutions of 
these salts are mixed with fluids* containing a large pro- 
portion of free hydrochloric acid or free nitric acid. It is 
very easy to distinguish these precipitates from sulphate 
of barytes, as they immediately disappear again, on the acid 
fluid being diluted with water. It is, however, possible 
to be misled by this relation to barytes, so as to confound 
sulphuric acid with hydrofluosilicic acid. Although we 
have not treated of this acid, yet we may here as well 
point out, that should any doubt exist as to the nature of a 
precipitate of barytes, this may be easily set at rest by 
treating the precipitate before the blow-pipe, with carbo- 
nate 01 soda and charcoal. (Compare § 97, 5.) 

Third Sectionof the First Group of the Inorganic Acids, 

§ 98. 

a. PHOSPHORIC ACID. (POg.) 

We consider here only the tribasic phosphoric acid, 
since this and its salts alone are most frequently employed 
in pharmacy, &c. ; we disregard altogether the mono- 
basic and bibasic phosphoric acid. 

1. The phosphates with a fixed base are not completely 
decomposed by heat, but they may thereby be converted, 
according to the higher or lower degree applied, into pyro- 
phosphates or metaphosphates. Of the phosphates, only 
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those with an alkaUne base are soluble in water, in their 
neutral state. The solutions have an alkaline reaction. 

2. Chloride of barium produces in aqueous solutions of 
neutral or basic phosphates, a white precipitate of phos* 
PHATE OF BARYTES (2 Ba O, PO5) which is soluble in 
hydrochloric acid and in nitric acid, and sparingly solu- 
ble in muriate of ammonia. 

3. Solution of gypsum produces in neutral or alkaline 
solutions, a white precipitate of phosphate op lime 
(2 Ca O, POs ) which is easily soluble in acids, even in 
acetic acid. 

4. Chloride of magnesium or sulphate of magnesia 
produce in neutral or alkaline solutions white precipitates 
of phosphate of magnesia (2 Mg O, PO5) which are, 
however, perceptible only in rather concentrated solutions, 
especially on the application of heat. But if free am- 
monia or carbonate of ammonia be added to a even 
highly dilute solution, a white crystalline and quickly sub- 
siding precipitate of BASIC phosphate OF MAGNESIA AND 

AMMONIA (2 Mg 0, NH4 0) (PO3+2 HO+10 aq.) is 
formed, which is insoluble both in ammonia and in mu- 
riate of ammonia, but is of easy solution in acids, even in 
acetic acid. This precipitate often becomes visible only 
after the lapse of some lime ; agitation promotes its sepa- 
ration. (Vide § 86, d 5 ) 

5. Nitrate of silver throws down from the solution of 
the neutral and basic alkaline phosphates, a bright yellow 
precipitate of phosphate op silver. (3 Ag O r, Os-) If 
the solution contained a basic phosphate, the fluid in which 
the precipitate is suspended, manifest a neutral reaction, 
whilst it has an acid reaction if the solution contained a 
neutral phosphate. This is owing to the nitric acid re- 
ceiving for 3 eq. of oxide of silver which it yields to the 
phosphoric acid, only 2 eq. of alkali and 1 eq. of water, 
(for the water does not neutralize the characteristic pro* 
perties of the acid.) 

6. Acetate of lead produces in neutral and alkaline so- 
lutions a white precipitate of phosphate of lead, (2 Pb 
O, P O5,) which is easily soluble in nitric acid, and al- 
most insoluble in acetic acid. By its behaviour before the 
blow-pipe this precipitate affords us an excellent means of 
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detecting the presence of phosphoric acid. For, in the 
first place, it is not reduced, or at least, only with the great- 
est aifficidtyi on being exposed on charcoal, even to the 
reducing flame ; and it is, in the second place, distinguish- 
ed inasmuch as the transparent and colourless pearl Tvhich 
it presents in the oxidizing flame, crystallizes on cooling, 
becomes opaque, and generally shows quite distinct dode- 
cahedrons. 

7. If to a hydrochloric solution of a phosphated alkaline 
earth perchloride of iron be added in excess, and then 
ammonia tiU the solution manifest an alkaline reaction, a 
bul)Ly, more or less dark, reddish-brown precipitate is ob- 
tained, consisting of a mixture of hydrated peroxide of 
iron and basic ferphosphate op iron. Ammonia i^ith- 
draws from it but very little of its phosphoric acid, whilst 
bydrosulphuret of ammonia completely decomposes it into 
sulphuret of iron and phosphate of ammonia. If an in- 
sumcient quantity of perchloride of iron, is used, a 
white precipitate of neutral perphosphate of iron is 
formed, which redissolves on the addition of ammonia in 
excess. 

b. BORACIC ACID. (B O3.) 

1. The aqueous solution of boracic acid reddens litmus 
paper, but it tinges tumeric paper brown. The borates are 
not decomposed by a red beat ; only those with alkaline 
bases are easily soluble in water. The solutions are co- 
lourless, and all of them, eren those of the acid salts mani- 
fest an alkaline reaction. 

2,,J^hloride of barium produces in solutions of borates, 
wliep not too highly dilute, a white precipitate of borate 
^i^fi^ARYTES, (Ba O, B O3,) which is soluble in acids and 
ammoniacal salts. 

3. Nitrate of silver produces in rather concentrated 
solutions of borates, a white precipitate of borate of 
SILVER, (Ag O, B O3,) which is soluble in nitric acid and 
in ammonia. 

4. If Sulphuric acid or hydrochloric acid be added to 
highly concentrated, hot solutions of borates, the boracic 
ACID will separate on cooling, in the form of shining 
crystalline scales. 
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6. If free boracic acid or a borate — (in which latter case 
the boracic acid must be Uberated by the addition of 
sulphuric acid) — be ignited with alcohol, the flame will ap* 
pear of a very distinct yellowish-green colour, especially 
on stirring the mixture, owing to the boracic acid evapor- 
ating together with the alcohol, and becoming incandes- 
cent in the flame. This reaction becomes most sensible, 
if the cup containing the mixture is first heated, the alco* 
hoi then ignited, allowed to burn for a short time, then ex- 
tinguished and rekindled. At the first flickering of the 
flame its borders appear green in that case, even thoupi 
the quantity of the boracic acid be so minute as to produce 
no perceptible colouring of the flame, when treated in the 
usual mannel:. 

C. OXALIC ACID. (0 = C2 Og.) 

1 . All the oxalates are decomposed at a red heat» owing 
to the oxalic acid decomposing into carbonic acid and car- 
bonic oxide. Those which have an alkali or an alkaline 
earth for their base, are in this process converted into car- 
bonates (without separation of carbon, when pure ;) those 
with a metallic base leave the metal behind either in its 
metallic state or as an oxide, according to the degree of 
xeducibility of the metallic oxide. The alkaline oxalates 
are soluble in water, and so are some oxalates with metal- 
lic base. 

2. Chloride of barium produces in the neutral solutions 
of oxalates, a white precipitate of oxalate op barytes, 
(Ba O, 6 -f- aq.,) which is soluble in nitric acid and in hy- 
drochloric acid, but is more sparingly soluble in ammoniacal 
salts than borate of barytes. 

3. Nitrate of silver produces in neutral solutions of 
oxalates, a white precipitate of oxalate of silver, (Ag 
6,) which is soluble in nitric acid and in ammonia. 

4. Lime-^ater, and all the soluble salts of lime^ and tKus 
also solution of gypsum^ produce in even highly dilute 
solutions of free oxalic acid or of oxalates, precipitates of 
OXALATE OP LIME, (Ca O, O-f-2 aq.) in the form of a fine 
white powder, which readily dissolve in hydrochloric acid 
and in nitric acid, but are almost insoluble in oxalic acid, 
and in acetic acid. The presence of ammoniacal salts does. 
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not at all prevent the formation of these precipitates. The 
addition of ammonia considerably promotes the precipitation 
of the free oxalic acid, by salts of lime. 

5. If oxahc acid or an oxalate in a dry state be heated 
with concentrated sulphuric add in excess, the latter with-» 
draws from the oxalic acid its necessary constitutional 
water, the oxalic acid is decomposed into ca^rbonic acid 
and CARBOMc oxide, and both these gases escape \vith 
effervescence. If the quantity operated upon is not too 
minute, the escaping carbonic oxide gas may be kindled ; 
i^urns with a blue name. If in this reaction the sulphuric 
acid assumes a dark tinge, it is a sign that the oxaUc acid 
contained an admixture of some organic substance. 

d. HYDROFLUORIC ACID. (H Fl.) 

1 . Hydrofluoric acid is distinguished from all other acids 
by its property of dissolving the insoluble modification of 
silicic acid, as well as the silicates insoluble in hydrochloric 
acid, giving rise to the formation of fluoride of silicon, and 
of water. The hydrofluoric acid decomposes in the same 
manner with metallic oxides, giving rise to the formation 
of fluorides and of water. The fluorides of the alkaline 
metals are soluble in watery those corresponding with the 
alkaline earths are either not at all or but very sparingly 
soluble in water; floride of aluminum is easily soluble. 
Most of the fluorides corresponding with the oxides of the 
heavy metals are very sparingly soluble in water, such as, 
for instance, fluoride of copper, fluoride of lead, fluoride of 
zinc ; many other fluorides are of easy solution in water, as, 
for instance, perfluoride of iron, fluoride of tin, perfluoride 
of mercury, &c. Of those compounds which are either 
insoluble or but sparingly soluble in water, many dissolve 
in free hydrofluoric acid, whilst others remain undissolved. 
Most of the fluorides do not undergo decomposition, when 
heated to redness in a crucible. 

2. If to the aqueous solution of hydrofluoric acid or of a 
fluoride, chloride of calcium be added, fluoride of cal- 
cium, (Ca Fl,) is obtained in the form of a gelatinous pre- 
cipitate, which is so transparent, as at first to induce the 
belief, that the fluid has remained clear and unaltered. The 
addition of ammonia promotes the complete separation of 
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this precipitate, which is insoluble in hydrochloric acid and 
nitric acid, as well as in alkaline fluids when cold ; a minute 
quantity is, however, dissolved on boiling with hydrochloric 
acid. It is scarcely more soluble in free hydrofluoric acid 
than in water. 

3. If any fluoride, reduced to a fine powder, be mixed 
ivith pounded glass or sand, and the mixture be drenched 
ill a test tube, with concentrated sulphuric acid and heat ^ 
applied, fluosilicic gas (Si FI3) is evolved, giving rise to 
dense white fumes in the air when the latter contains moisture. 
If the gas be transmitted through water — (by means of a bent 
tube fitted to the test tube) — silicic acid separates in a gel- 
atinous form, whilst the fluid becomes strongly acid, owing 
to the formation of hydrofluosilicic acid. (Compare § 43.) 

4. If a plate of glass be covered with bees- wax, which 
can readily be done by heating it and allowing the wax to 
spread equally over the surface, and lines be traced on it 
with a point, (which should not be too hard, a point of 
wood answers best,) and the plate be then covered with 
the solution of a fluoride mixed with sulphuric acid, and 
allowed to dry, the lines exposed will be found, on remov- 
ing the wax, to be etched upon the glass. If we have 
but very minute quantities to test, the acid solution of a 
fluoride mixed with sulphuric acid is, at a gentle heat, 
evaporated to drjnxess, in a watch glass ; after washing ofi" 
the salt mass remaining, the internal surface of the glass 
appears dimmed. 

5. If a fluoride, reduced to a fine powder, no matter 
whether soluble or insoluble, is drenched, in a platinum 
crucible, with concentrated sulphuric acid» and the cruci- 
ble, being covered with a glass plate, prepared as stated 
above, is exposed fifteen minutes or half-an-hour to a gentle 
heat, taking always care not to melt the wax, the exposed 
lines are found engraved after the removal of the wax. If 
the quantity of hydrofluoric acid evolved by means of the 
sulphuric acid was very minute, the etching frequently is 
not perceived, after the removal of the wax ; but if the 
glass be breathed upon, the exposed lines become visible 
again, owing to the unequal capacity of condensing water, 
which the etched and untouched parts of the plate 
possess. 
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Remarks. --Tbe third section contains, as we have 
stated, phosphoric acid, boracic acid, oxalic acid and hydro- 
fluoric acid. The barytes compounds of these acids, as we 
have seen, are dissolved by hydrochloric acid, without de- 
composition ; alkalies, therefore, precipitate them unaltered, 
by neutralizing the hydrochloric acid. The barytes com- 
pounds of arsenious acid, arsenic acid, and chromic acid| 
present the same property, and must, therefore, if present, be 
removed before any conclusion, as to the presence of phos- 
phoric acid, boracic acid, oxalic acid, or hydrofluoric acid, 
can be drawn from this precipitation of a salt of barytes. 
But even without regard to this point, no great value can be 
placed on their reaction, not even for the detection of these 
acids, and far less for their separation from other acids, 
since the salts of barytes in question, and especially the 
borate of barytes, are not precipitated from their hydro- 
^chloric solutions, by ammonia, if the quantity of free acids 
present is to any extent, or if any anmioniacal salt in a cer- 
tain quantity is present. Boracic acid may always be 
delected bv the tint which it communicates to the flame of 
alcohol, if care is taken that the solution be suflBcienlly con- 
centrated before the addition of the alcohol, and when the 
substance under examination is a borate, that it be mixed 
with a sufficient quantity of sulphuric acid (best concen- 
trated). If the boracic acid is free, it should first be 
combined with an alkali when evaporating its solution, 
or else a large portion of it will volatilize with the vapours 
of the water. The phosphoric acid is sufficiently charac- 
terized by the yellow silver precipitate, by the character- 
istic properties of the basic phosphate of magnesia and 
ammonia„(especially the insolubility of this compound in 
sal ammoniac,) and finally, by the behaviour of phosphate 
of lead before the blow-pipe. Perchloride of iron is un- 
doubtedly the best means of decomposing those phosphates 
which have an alkaline earth for their base, after they have 
been dissolved in hydrochloric acid. Oxalic acid may 
always easily be detected by solution of gypsum, if we 
only keep in view, that the precipitate thereby formed 
must not disapp^r on the addition of acetic acid, (herein 
it is distinguished from phosphoric acid,) and must readily 
dissolve in dilute hydrochloric acid, and be converted into 
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carbonate of lime on the application of a red heat, (herein 
it differs from hydrochloric acid). The oxalates of the 
alkalijie earths are completely decomposed by boiling 
'with carbonate of soda. Lastly, the hydrofluoric acid 
cannot easily be confounded with other acids ; since, 
under all circumstances, it is certainly detected by its 
property of etching glass. The most sensitive results are 
always obtained by treating solid fluorides with sulphuric 
acid. 

Fourth Section of the First Group of Inorganic Acids. 

§99. 

a. CARBONIC ACID. (COa.) 

1 . The carbonates lose a part of their carbonic acid, at a 
red heat. All carbonates or colourless oxides appear 
white or colourless. Only those with an alkaline base 
are soluble in water, in their neutral stale. Their solu- 
tions have a very strong alkaline reaction. Further, the 
bi-carbonates with alkaline bases, those also which have 
an alkaline earth for their base, and some with metallic 
bases, are soluble in water. 

2. The carbonates are decomposed by all free acids so- 
luble in water, with the exception of hydrocyanic acid and 
hydrosulphuric acid. In this process, the carbonic acid 
escapes with efiervescence, as a colourless and almost in- 
odorous gas, which imparts a transient reddish tint to 
litmus paper. It is necessary to use the decomposing acid 
in excess, especially when operating upon a salt with an 
alkaline base, since frequently no efiervescence takes 
place, when adding the acid in too small a quantity, owing 
to the formation of acid carbonates. 

3. Lime-water and water of barytes produce, when 
brought into contact with carbonic acid or soluble car- 
bonates, white precipitates of neutral carbonate of 
LIME or BARYTES. When testing for free carbonic acid, 
the reagent ought always to be employed in excess, as the 
acid carbonates of the alkaline earths are soluble in water. 
The precipitates formed dissolve in acids, with efFerves- 
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cencci and are not precipitated again by ammonia^ after 
the complete expulsion of the carbonic acid, by boiling. 

4. Chloride of calcium and chloride of barium yield 
with neutral alkaline carbonates immediately, and with bi- 
carbonates only on boiling, precipitates of carbonate op 
LIME or of BARYTEs.* Theso reagents yield' no precipi- 
tate with free carbonic acid. 

6. SILICIC ACID. (SiOj.) 

1. Silicic acid occurs in two modifications, the one is 
soluble in acids and water, the other is affected only by 
hydrofluoric acid. The soluble modification is converted 
by heat into the insoluble. If the insoluble modification is 
fused with pure alkalies or alkaline carbonates, a basic 
alkaline silicate is produced, which is soluble in water and 
from which acids separate the silicic acid in its soluble 
modification. The soluble modification readily dissolves 
when boiled with solution of potash, the insoluble modi- 
fication dissolves only very slowly in the same menstruum. 
The silicates of the alkalies alone are soluble in water. 

2. The solutions of the alkaline silicates are decomposed 
by all acids ; when the solutions are highly concentrated 
the SILICIC ACID precipitates in the form of gelatinous 
flakes, whilst it remains dissolved in more dilute solutions. 
If a solution of this kind, mixed with an acid, (hydrochloric 
acid or nitric acid,) is evaporated to dryness, the silicic 
acid is converted from its soluble into its insoluble modi- 
fication, and remains, therefore, as a while gritty powder, 
on the residue being treated with water. 

3. In the silicates which have an earth or a metal for 
their base, the silicic acid is also present either in its solu- 
ble or in its insoluble modification. The silicates with 
the soluble modification are decomposed by boiling hydro- 
chloric or nitric acid, the silicic acid separating as a gela- 
tinous hydrate, and the decomposing acid combining with 
the base. But on silicates with the insoluble modification, 
these acids have no action ; in order to separate the silicic 
acid from its base, such silicates must be either treated in 
the humid way, with hydrofluoric acid, or fused with al- 
kaline carbonates. 
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4. Carbonate of soda dissolves a large proportion of 
silicic acid in the flame of the blow-pipe, forming silicate 
OF SODA as a colourless glass, which remains transparent 
on cooling; the carbonic acid escapes with effervescence. 
Inexperienced students often fail in obtaining a clear glass, 
because they use too much carbonate of soda in propor- 
tion to the quantity of the test specimen. 

5. Phosphate of soda and ammonia leave silicic acid 
almost entirely undissolved. The silicic acid floats about 
as an opaque mass in the transparent glass, and may, there- 
fore, be perceived with greater facility in the glass when 
red hot tnan after cooling. The silicates present the same 
property ; the phosphate of soda and ammonia withdraws 
their base from them, and separate silicic acid. The bases 
are dissolved, whilst the silicic acid remains imdissolved. 

Recapitulation and Remarks^ — Carbonic acid is generally 
very easily detected by its salts evolving an almost inodorous 
gas when treated with acids. We transmit the gas through 
lime-water or water of barytes, when operating upon com- 
pounds which evolve other gases- at the same time. Silicic 
acid in its soluble modification, (into which it must always 
be converted first,) is detectedi under all circumstances, by 
supersaturating its compounds with hydrochloric acid, 
evaporating to dryness, treating the residue with water, and 
testing the undissolved part before the blow-pipe. 

• 

Second Group of Inorganic Acids. 

ACIDS WHICH are PRECIPITATED BY NITRATE OF SILVER, 

BUT NOT BY CHLORIDE OP BARIUM : Hj/drochlortc Add, 
Hydrobromic Acid, Hydriodic Acid, Hydrocyanic Acid, 
Hydrosulphuric Acid. 

§ 100. 

All the silver compounds of the oxides belonging to 
this group are insoluble in dilute nitric acid. The acids of 
this group decompose with metallic oxides, so as to give 
rise to the combination of the metals withM^^iietalloMs, 
whilst the oxygen of the oxide at the same n^^M|U|^s 
with the hydrogen of the acid forming water.^^^W^ 
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a. HYDROCHLORIC ACID. (CI H.) 

1. The chlorides are easily soluble in water, with the 
exception of chloride of lead, chloride of silver, and pro- 
tochloride of mercury ; most of the chlorides are white or 
colourless. M.iny of them volatilize at a high temperature, 
without decomposition ; many chlorides are decomposed 
at a red heat, and but few of them are fixed. 

2. Hydrochloric acid, and solutions of chlorides, yield 
wiihyiitrate of silver ^ even when highly dilute, white pre- 
cipitates of CHLORIDE OF SILVER, (Ag CI,) which, whcn 
exposed to light, change first into a violet colour and then 
into a black ; these are readily soluble in ammonia, insolu- 
ble in nitric acid, and fuse without decomposition when 
heated. (Vide § 90, a 4) 

3. Protonitrate of mercury and acetate of lead pro- 
duce in solution, containing free hydrochloric acid or 
chloride, precipitates of chloruret of mercury (Hg, 
CI) and chloride of lead (Pb CI.) For the properties 
of these precipitates, vida ^ 90, b 4, and § 90, c 4. 

4. Wnen chlorides are heated with manganese and sul- 
vhuric acid, chlorine is evolved, which is easily detected 
by its yellowish-green colour, and its odour. 

6. If a chloride be rubbed together with chromate of 
potash, and the mixture be drenched with concentrated 
sulplturic acid, in a tubular retort, and gentle heat applied, 
a deep brownish-red gas will be copiously evolved ; (chro- 
mate of perchloride of chromium, Cr CI + 2 Cr 
O3 ;) this gas condenses into a fluid of the same colour, 
and passes over into the receiver. If this chromate of 
perchloride of chromium is mixed with ammonia in excess, 
a yellow -coloured liquid is obtained, owing to the forma- 
tion offhromate of ammonia; this yellow colour changes 
into, a reddish yellow, on the addition of an acid, owing 
to the formation of acid chromate of ammonia* 

b. HYDiiWROMIC ACID. (Br H.) 



.» 



1 . Th^M||llaes have, in general, a great analogy with 
t^^flflpP^in insolubility and in their relations when 
el^MMito heat* 
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2. Nitrate of silver produces in aqueous solution of 
Hydrobromic acid and bromides a yellowish-wiiite precipi- 
tate of BROMIDE OF SILVER, (Ag Br,) wluch i^ insoluble 
in dilute nitric acid, and somewhat sparingly soluble in 
ammonia. 

3. Nitric add decomposes hydrobromic acid and the 
bromides, with the application of heat, lib^^ting bromine, 
by oxidizing the hydrogen or the metal. The liberated 
bromine colours the solution yellowish-red ; but if we 
operate upon a bromide in a solid form, yellowish red 
vapours of bromine gas escape, with the odour of chlo- 
rine ; these vapours, when present in sufficient quantity, 
condense in the cold part of the test-lube into small drops. 

4. Chlorine, or solution of chlorine, also liberates bro- 
mine in solutions of its compounds ; the fluid assuming a 
yellowish-red tint, if the quantity of the bromine present 
is not too minute. If a yellow-coloured solution of this 
kind be agitated with ether, it becomes colourless ; all'thfc 
bromine dissolves in the ether, which appears distinctly 
yellow, even though but a very minute quantity of bromine 
be present. If the etherial solution of bromine be agitated 
with some solution of potash, the yellow lint vanishes, and 
we have bromide of potassium and bromate of potash in 
solution. If the solution be then evaporated, and the resi- 
due heated to redness, the bromate ol potash is converted 
into bromide of potassium. This substance may be fur- 
ther tested as follow? : 

5. If bromides are heated with manganese and sulphuric 
acid, YELLowisH-RED VAPOURS OP BROMINE are evolved. 
If the bromine is present only in very minute quantity, the 
colour of their vapours may not be visible. The experi- 
ment, in that case, must be conducted in a small retort, 
and the vapours passing over transmitted through a long 
condensing glass tube into small test- tubes, containing 
some starch, for if 

6. Moist starch is brought into contact with free bro- 
mine, no matter whether in solution or in gaseous form, 
YELLOW BROMIDE OF STARCH is formed. The colouring 
does not always take place immediately. The reaction is 
rendered most delicate by closing the test-tube which con- 
tains the starch drenched with the fluid under examina- 
tion, before a spirit-lamp, and then inverting it) so that 
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the moist starch becomes placed above the liquid. The 
slightest trace of bromine will then, after tW^elve to twenty- 
four hours, impart a yellow tinge to the starch. This 
colour vanishes again on the tube -being allowed to stand 
for a longer time. 

7. If a mixture of a bromide and of chromate of potash 
be drenched v^ith sulphuric acid, and heat applied, a 
brownish-red gas is evolved, just as is the case with the 
chlorides. But this gas consists of pure bromine, and the 
fluid passing on, therefore, becomes not yellow, but colour- 
less, when supersaturated with ammonia. 

0. HYDRIODIC ACID. (I H.) 

1. The iodides also correspond, in many respects, 'with 
the chlorides. Of those, however, which contain heavy 
metals, by far more are insoluble in water than is the case 
with the chlorides. Many iodides present characteristic 
tints. 

2. Nitrate of silver produces in aqueous solutions of 
hydriodic acid and of iodides, yellowish white precipitates 
of IODIDE OP SILVER, ( Ag I,) which blacken when exposed 
to light, are insoluble in dilute nitric acid, and very spar- 
ingly soluble in ammonia. 

3. A solution of one part of sulphate of copper^ and 
two and a quarter parts of sulphate of iron, precipitates 
from aqueous neutral solutions of the iodides, protiodide 
OF copper, (Cug I,) in the form of a dirty-white precipi- 
tate. The addition of some ammonia promotes the com- 
plete precipitation of the iodine. Chlorides and bromides 
are not precipitated by this reagent. 

4. Nitric acid decomposes the hydriodic acid and the 
iodides in the same manner as the bromides. Colourless 
solutions of hydriodic acid or of the iodides are, therefore, 
immediately coloured brownish- yellow by nitric acid, 
even at a low temperature ; and from concentrated solu- 
tions the IODINE separates as a black precipitate, whilst 
nitric oxide gas escapes with effervescence. SoUd iodides, 
when heated with nitric acid, evolve, besides the nitric acid 
gas VIOLET vapours of iodine, which condense on the colder 
parts of the vessel into a blackish sublimate. 

5. Chlorine and solution of chlorine^ liberate iodine from 
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its combinations, but the liberated iodine combines with 
these reagents when they are added in excess, forming a 
colourless chloride of iodine. 

6. If iodides are heated with concentrated sulphuric 
acid, or with sulphuric acid and manganese, iodine be- 
comes liberated, and may be easily detected by the violet 
colour of its gas. If concentrated sulphuric acid alone has 
been used, sulphurous acid is evolved at the same time. If 
the quantity of the iodine present is very minute, it can no 
longer be detected by the colour of its gas, and we have 
recourse to the test with starch, as follows : 
. 7. If to a solution of iodine or of hydriodic acid, or of an 
iodide, (the iodine in the latter must first be liberated by 
means of nitric acid,) thin starch paste be acjded, a more or 
less blackish-blue tint or precipitate of iod'ide of stamh 
is formed, even though but the most minute traces of iodme 
be present. When solution of chlorine is employed for 
the liberation of the iodine, it ought to be sldded very cau- 
tiously, as, owing to the formation of chloride of iodine, the 
blue tint does not appear, or at least manifests itself only 
after the addition of sulphuretted hydrogen, protochloride of 
tin, or some other means of reduction. Even the most 
minute traces of iodine in dry compounds of any descriptron, 
may be detected most safely by means of starch, in the 
following manner. The substance under examination is 
drenched iri a retort, with concentrated nitric acid, and the 
retort loosely closed with a stopper, to which a moistened 
slip of paper, or, better still, a moistened strip of white cot- 
ton cloth, imbued with starch, is attached ; after a few hours 
this will appear blue, even though but the most minute 
trace of iodme be present. 

8. The iodides present the same relation to chromate of 
potash and sulphuric acid combined, as to sulphuric acid 
alone. (Compare § 100, a 5.) 

d. hydrocyanic acid. (Cy H.) 

1 . Those cyanides which have an alkali or alkaline earth 
for their base, are soluble in water, as hydrocyanates. They 
are easily decomposed by acids, even by carbonic acid, but 
are not decomposed by heat when the access of air is pre- 
vented. When fused with the oxide of lead, of copper, of 
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antimony, of tin, and many other oxides, they reduce these 
oxides, and are converted into cyanates. Only a few of 
those cyanides which contain heavy metals are soluble in 
water ; all of them are decomposed at a red heat, giving 
rise either to the formation of cyanogen and metals, as the 
cyanides of the noble metals, or of nitrogen gas and carbo- 
nates, as the cyanides of the other heavy metals. Many 
combinations of cyanogen wijh heavy metals are not de- 
composed by dilute otygen acids, and with difficulty by 
concentrated nitric acid. Hydrochloric acid and sulphur- 
etted hydiogen decompose most of them easily and com- 
pletely. Cyanogen combines with several metals, (iron, 
manganese, cobalt, chromium,) forming compound radicalsi 
in which these metals cannot be detected by many of the 
usual methodf. 

%. Nitrate of silver produces, in solutions of free hydro- 
cyanic acid andof alkahne hydrocyanates, white precipitates 
of CYANIDE OP SILVER, (Ag CyJ wliich are easily soluble 
in cyanide of potassium, somewhat difficult of solution in 
ammonia, and insoluble in dilute nitric acid ; these precipi- 
tates are decomposed at a red heat, leaving the pure 
metallic silver behind. 

3. If to the solution of an alkaline hydrocyanate, solution 
of sulphate ofiron^ which has been for some time in contact 
with the air, {magnetic oxide of iron,) is added, a precipi- 
tate or tint of Prussian blue is formed. (Compare § 88, 
/ 5.) Free hydrocyanic acid, to be detected in this manner, 
must, therefore, first be combined with an alkali. If the 
alkali is present in excess, hydrated magnetic oxide of iron 
is precipitated beside the Prussian blue ; in that case this 
latter precipitate must first be redissolved by hydrochloric 
acid, before the blue colour of the precipitate can appear 
clearly and distinctly. 

3. If to a solution of hydrocyanic acid, potash be added 
in excess, and then finely pounded peroxide of mercury^ 
the latter substance readily dissolves just as well as in free 
hydrocyanic acid. As peroxide of mercury is soluble in 
an alkaline fluid only in presence of hydrocyanic acid, it 
follows that by means of this reaction we can safely detect 
the presence of hydrocyanic acid. 

4. The cyanogen cannot be detected in cyanide of mer- 
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cury by any of these methods. To detect it in this combi- 
nation, we add hydrochloric acid and metallic iron to a 
solution of cyanide of mercury. Metallic mercury is sepa- 
rated in this process, and hydrocyanic acid and protochloride 
of iron formed, (which latter substance is partly converted 
into perchloride of iron, on exposure to the air.) If an 
alkali is then added to the fluid, Prussian blue is formed, 
the colour of which, however, becomes distinct only after 
having removed, by the addition of hydrochloric acid, the 
excess of the hydrated magnetic oxide of iron present. 
Cyanide of mercury may also be easily decomposed by 
sulphuretted hydrogen, giving rise to the formation of 
sulphuret of mercury and hydrocyanic acid. When heated, 
the cyanide of mercury decomposes, as we have already 
stated, (I,) into metallic mercury and cyanogen, which 
latter substance may be detected by its characteristic effect 
on the olfactory organs. 

5. In the ferrocyanides and ferricyanides with alkaline 
bases, the presence of these compound radicals may be 
easily detected, in the former by solutions of protoxide of 
iron, or solution of copper^ and in the latter by solution of 
peroxide of iron. Free hydrocyanic acid may be obtained 
from these cyanides by distilling them with sulphuric acid. 
The insoluble ferrocyanides and ferricyanides are decom- 
posed by being heated with caustic potash or carbonate of 
potash, giving rise to the formation of ferrocyanide of 
potassium) and the separation of the metals either as car- 
bonates or as pure oxides. 

e* HYDROSULPHURIC ACID. (H S.) 

Sulphuretted Hydrogen Gas* 

1 . Only those sulphurets are soluble in water which have 
an alkali or an alkaline earth for their base. These as well 
as those which, contain metals of the fourth group, (such 
as iron, manganese, &c.,) are decomposed by dilute min- 
eral acids, with evolution of sulphuretted hydrogen gas, 
which may easily be detected by its odour, and by its 
action on solution of lead. (Vide infra 2.) If the sulphu- 
ret is of a higher degree of sulphuration, a white precipi- 
tate of minutely divided sulphur is formed at the same 
time, which can easily be distinguished from similar pre- 
7 
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cipitstes by its inflammability. Part of the suTpburets ef 
the fifth and sixth group are decomposed by concentrated 
and boiling hydrochloric acidr with evolution of sulphuret- 
ted hydrog,en gas, whilst others are not dissolved by hy- 
drochloric acidr but by concentrated and boiling nitric acid- 
The combinations of sulphur with mercury resist both 
these acids, but dissolve readily in aqua regia. On the so* 
lution of sulphurets in nitric acid, and in aqua regia, sul- 
phuric acid IS formed } and in most cases, moreover, sul- 
Ehur separates, which is easily detected by its colour and 
ehaviour when heated. 

2. If sulphuretted hydrogen in solution, or in a ga%eous 
form, is brought into contact with nitrate of silver or ace- 
tate ofleady black precipitates of sulphvret of silvjcr 
and suLPHURET OF LEAD are formed. (Vide supra, § 89, a, 
and § 89 c.) If the odour of sulphuretted hydrogen is„ 
therefore, not sufficient for its detection, these reagent^ 
will afford the , surest proof of ils presence. When the 
sulphuretted hydrogen is in a gas^eous form, a small slip of 
paper, moistened with solution of lead, is placed in the air 
to be tested ; if sulphuretted hydrogen is present, this, 
paper will become covered with a thin, brownish-black and 
lustrous film of sulphuret of lead. 

3. If sulphurets are exposed to the oxidizing flame of 
the blow-pipe^ their sulphur burns with a blue flame, emitting 
at the same time the welt-known cdour of sulphurous acid» 

Recapitulation and remarJcs. — Most of the acids of the 
first group are precipitated by nitrate of silver ; but these 
precipitates will not be confounded with the silver eom- 
pounds of the acids of ihe second group, as the former are 
soluble in dilute nitric acid, whilst the latter are insoluble 
in that fluid. The presence of hydrosulphuric acid pre- 
vents us more or less from testing for the other acids of ihe 
second group ; this acid must, therefore, if present, first be 
removed previous to testing for the other acids. This re- 
moval may be effected by mere boiling, if the hydrosul- 
phuric acia is free, but, if combined with an alkali, by the 
addition of a metallic salt, which does not precipitate the 
other acids, or at least not from acid solutions. Hydriodic 
find bydirocyanic acid may be detected even in the presence 



NITRIC ACID. 159 

of hydrochloric or hydrobromic acid, by the reactions with 
starch and magnetic oxide of iron, which are as charac- 
teristic as they are deUcate. But the detection of chlorine 
and bromine is more or less difficult in presence of iodine 
and cyanogen. These latter substances, if present, must} 
iheretore, be removed first, before we can test for chlorine 
and bromine. The separation of cyanogen is easily effected 
by heating to redness the silver compounds of the group. 
Cyanide of silver decomposes at a red heat, whilst chloride, 
bromide, and iodide of silver undergo no decomposition. 
Iodine may be separated from bromine and chlorine, by 
treating the silver compounds with ammonia, as the iodide 
of silver is almost insoluble in this substance. But the 
separation is more perfect by precipitating the iodine as 
protiodide of copper, whilst chlorine and bromine remain 
in solution. Bromine may be detected and distinguished 
from chlorine, by mixing the compound containing both 
substauices with hydrochloric acid and chloride of lime, or 
with solution of chlorine, and absorbing the Uberated 
bromine by ether. Chlorine may be detected when pre- 
sent with bromine, by the reaction with carbonate of 
potash and sulphuric acid. 

Third Group of the inorganic Acids. 

ACIDS WHICH ARE PRECIPITATED NEITHER BY SALTS OF 

BARYTEs NOR SALTS OF SILVER: Nitric Add, Chloric 
Acid* 

§ 101. 

a. NITRIC ACID. (N0&) 

1. All the neutral salts of nitric acid are soluble in 
water ; only a few basic nitrates are insoluble in water. 
All nitrates are decomposed at a strong red heat. Those 
with alkaline bases yield oxygen and nitrogen : the other 
salts, oxygen and nitrous acid. 

2. If a nitrate is thrown upon red-hot charcoal, or if 
charcoal or some organic substance, paper, for instance, is 
brought into contract with a nitrate in fusion, deflagra- 
tion takes place, i. e. the charcoal burns at the expense of 
the oxygen of the nitric acid, vrith vivid scintillations. 
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3. If a nitrate is mixed with cyanide of potassium in 
powder and the mixture heated on a platinum plate, a 
vivid DEFUiG RATION takes place combined with distinct 
ignition and feeble detonation. Even very minute quan- 
tities of nitrates may be detected by this reaction. 

4. If the solution of a nitrate be mixed with one-fourth 
part of its quantity of concentrated sulphuric acid, and a 
chrystal of protosulphate of iron be thrown into the mix- 
ture, the fluid immediately surrounding this crystal will 
assume a deep brown tint* This tint generally vanishes 
by merely agitating the fluids and always after the applica- 
tion of heat for some time. In this process, the nitric acid 
is decomposed by the protoxide of iron, three-fifths of its 
oxygen combine with the protoxide, and convert a portion 
of it into peroxide, and the remaining nitric oxide combines 
with the remaining protoxide of iron, forming a charac- 
teristic compound, which dissolves in water producing a 
brownish-black colour. 

6. If to the solution of a nitrate some sulphuric acid be 
added, and as much solution of sulphate of indigo as to 
make the fluid appear of a feeble light-blue colour, and the 
mixture be then heated to boiling, this blue tint will disap- 
pear, owing to the indigo becoming oxidized at the expense 
of the oxygen of the nitric acid liberated by the sulphuric 
acid ; the fluid becomes colourless, or assumes a feeble 
yellowish tint. Several other substances, especially free 
chlorine, cause the same discoloration, which ought to be 
especially borne in mind. ^ 

6. If a nitrate is mixed with copper filings, and the 
mixture drenched with concentrated sulphuric acid, in a 
text tube, the air in the tube assumes a yellowish red lint, 
owing to the nitric oxide gas which becomes free on the 
oxidation of the copper by the nitric acid, combining with 
the oxygen of the air, and forming nitrous acid. 

b, CHLORIC ACID. (Gl Oi.) 

1. AH chlorates are soluble in water. When heated 
to redness, their oxygen escapes completely, leaving chlo- 
rides behind. 

2. When heated with charcoal or some organic sub- 
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Btance> the cUorates deflagrate^ and this with by far 
greater yiolence than the nitrates. 

3. If the chlorate is mixed with cyanide of potassium, 
and the mixture heated on a platinum plate, deflaoration 
takes place, with strong detonation and the appearance of 
flame, even though the chlorate be present only in a very 
minute quantity. • 

4. Free chloric acid oxidizes and discolours indigo in 
the same manner as nitric acid ; if, therefore, the solution 
of a chlorate is mixed with sulphuric acid and solution 
of indigo, the phenomena maniiest themselves, which we 
have described when treating of nitric acid, (vide su- 
pra, a 5.) 

5. If chlorates be heated with hydrochloric acidy the 
constituents of both acids are mutually decomposed, giving 
rise to the formation of water, chlorous acid and chlorine, 
which latter substances may easily be detected by their 
odour and their greenish colour. (CI H+Cl 0^=01 
04+Cl+HO.) 

6. If a chlorate be drenched with concentrated sulphuric 
acidj two-thirds of the metallic oxide are converted into a 
sulphate, and the other third into a hyperchlorate, whilst 
chlorous acid escapes, which is characterized by its odour 
and greenish colour. [3 (KO, CI OJ +2 SO, =2 (KO, 
2 S03)+K0, CI 0''+2 <C1 O4.) ] The application of 
heat must be avoided in this experiment^ and small quanti- 
ties only operated upon, or else the decomposition might 
take place with great violence, so as to occasion an ex- 
plosion. 

Recapitulation and remarks. — Of the reactions which 
have been suggested for the detection of nitric acidi those 
with sulphate of iron and sulphuric acid, and with copper 
filings and sulphuric acid, give the safest results, for de- 
flagration with charcoal, detonation with cyanide of potas- 
sium, and discolouration of solution of indigo take place, 
as we have stated also when chlorates are present instead 
of nitrates. These latter reactions, therefore, are decisive 
only when no chloric acid is present. The best test to 
ascertain whether chloric acid be present or not| is to heat 
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the test specimen to redness, dissolving it and then testmg 
its solution with nitrate of sUver. 

If a chlorate be present, it is converted into a chloride, 
on being heated to redness, and a precipitate of chloride of 
silver is obtained, on testing the solution with nitratib of 
silver. But this test is thus simple only when no chloride 
4s present at the same time. But if the latter is the case, 
nitrate of silver must be added as long as any precipitate is 
formed ; the supernatant liquid is then filtered from this 
precipitate, evaporated to dryness, and the residue heated 
to redness. The results obtained by the fusion of chlorates 
with cyanide of potassium are less certain. The violence 
and detonation, with which the deflagration takes place, 
render it, however, scarcely possible to confound the chlo- 
rates with nitrates. 

II. ORGANIC ACIDS. 

First Group. 

ACIDS WHICH JkRE PRECIPITATED BY CHLORIDE OF CAL- 
CIUM : Oxalic Acid^ Tartaric Acid^ Paraiartaric AcH 
Citric Acid^ Malic Add. 

§ 102. 
None of these acids volatilize without decomposition^ 

a. OXALIC ACID. 

For the reactions of oxalic acid we refer to § 98 c. 

b. TARTARIC ACID. (T = (Cg H4 Oio«) 

1. The combinations of tartaric acid with alkalies, as 
well as with those metallic oxides which are weak bases, 
are soluble in water. All tartrates insoluble in water are 
dissolved by hydrochloric acid. 

2. The tartaric acid and the tartrates carbonise when 
heated to redness, emitting a perfectly characteristic odour. 
The salts which have an alkali or alkaline earth for their 
base, are in this process converted into carbonates. 

3. If to a solution of tartaric acid, or to that of a tartrate, 
solution of peroxide of iron^ protoooide qf manganese, or 



PAKATARTARIC A.€II>. 1 63 

^zlumina, and then ammonia or potash "be added, no preci- 
pitation takes place of peroxide of iit>n, protoxide of man- 
ganese or alumina, since the new-formed double tartrates 
5ire not decomposed by alkalies. Tartaric acid prevents 
<aIso the precipitation of several other oxides by alkalies. 

4. Free tartaric- acid yields, with a salt of potash, and 
t^est with acetate of potash, a sparingly soluble precipitate 
of BiTARtRATE OP POTASH (KO, HO^ t). The Same pre- 
icipitate is formed, if acetate of potash and free acetic acid, 
or bisulphate of potash, be added to a neutral tartrate. 
When using bisulphate of potash, we must be careful not 
to add it in excess. The acid tartrate of potash readily 
idissolves in alkalies and mineral acids ; tartaric acid and 
;acetic acid do not increase its solubility in water. Violent 
agitation greatly promotes the precipitation of tartar. 

5. Chloride of calcium throws down from the solutions 
of neutral tartrates, tartrate op lime as a white preci- 
pitate. The presence of ammoniacal salts prevents the 
formation of this precipitate more or less* The precipi- 
tate of tartrate of lime dissolves to a clear fluid, in cold and 
'dilute solution of caustic potash. If this solution is boiled, 
the dissolved tartrate of lime separates in the form of a 
gelatinous precipitate. On coaling, the solution becomes 
clear again. 

6. Lime-water produces in solutions of neutral tartrates, 
or even in solutions of free tartaric acid, when added till 
an alkaline reaction manifests itself, white precipitates of 
-tartrate op lime (t, 2 Ca O 8 aq.) which readily dis- 
solve in tartaric acid. This precipitate of tartrate of lime 
dissolves with the greatest facility in solution of sal am- 
amoaiac, and separates from this solution only after the 
lapse of several hours, in the form of small crystals, depo- 
sited on the sides of the vessel. 

7. Solution of gypsum does not produce any precipi- 
tate in a solution of tartaric acid, and causes only a minute 
precipitate after the lapse of some time in the solution of 
a neutral tartrate. 

c. paratartarw acid, (racemic acid.) R=(04 Hb O5.) 

1. The relations which paratartrates present to solvents, 
and their behaviour when heated, are very analogous to 
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those of the tartrates, prevent, like the latter, the precipi- 
tation by alkalies of protoxide of manganese, peroxide of 
iron, alumina, &c. 

2. Paratartaric acid has the same relations to salts of 
potash^ as tartaric acid. The precipitate of acid paratar^ 
trate of potash is as difficult of solution as tartar. 

3. Chloride of calcium precipitates from ihe solutions 
of free as well as of combined paratartaric acid, paratar- 
TRATE OF LIME, as a shining white powder. This preci- 
pitate is not soluble in sal ammoniac. Cold and concen* 
trated solution of potash dissolves it completely, dilute 
solution of potash only partly ; this solution becomes turbid 
and gelatinous, on boiling, and clear again on cooling. 

4. Lime-water produces in the solutions of neutral 
paratartrates, instantaneously, white precipitates of para- 
TARTRATE OF LIMB, (r, Ca O + 4 aq.) It yields the 
same precipitate with a solution of paratartaric acid, when 
added, till an alkaline reaction becomes manifest. When 
added in a smaller proportion, so that the solution still re- 
mains acid, this precipitate is formed only after the lapse 
of a few moments, raratarlrate of lime is insoluble in pa- 
ratartaric acid as well as in tartaric acid ; when it is dis- 
solved in hydrochloric acid, and ammonia added in excess> 
it precipitates again instantaneously, or at least after the 
lapse 01 a few moments. 

6. Solution of gypsum does not instantaneously produce 
a precipitate in a solution of paratartaric acid ; alter ten or 
fifteen minutes, however, paratartrate of lime precipitates \ 
in solutions of neutral paratartrates the precipitation is in*- 
stantaneous. 

7. If crystallized paratartaric acid, or a paratartrate is 
heated with concentrated sulphuric acid, the latter assumes 
a black tinge, owing to the evolution of sulphurous acid and 
carbonic oxide gas. Tartaric acid has the same properly. 

d. CITRIC ACID. (Ci = (Ci2 H On.) 

1. The citrates with alkaline bases are easly soluble in 
water, as well in their neutral as in their acid stale ; the 
same is the case with the combinations of citric acid with 
such of^he metallic oxides as are weak bases. Citric acid 
prevents the precipitation of peroxide of iron> protoxide of 
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manganese, alumina, Sccy in the same manner as tartaric 
acid. 

2. Citric acid and the citrates carbonize when heated to 
redness^ emitting pungent acid vapour, which may be easily 
distinguished by their odour from those caused by the com* 
bastion of tartaric acid. 

3. Chloride of calcium produces no precipitate in a solu- 
tion of citric acid, not even on boiling. But if the free acid 
be saturated with potash or soda, a precipitate of neutral 
CITRATE OF LIMB (ci, 3 Ca O, 4 aq,) is formed instanta- 
neously. This precipitate is insoluble in potash, but readily 
dissolves in solution of sal ammoniac. If this solution in 
sal ammoniac is boiled, a white and heavy precipitate of 
BASIC CITRATE OF LIMB (cij 3 Ca 0+Ca 0+aq.) separates 
immediately. If a solution of citric acid, mixed with chlor- 
ide of calcium, be saturated with ammonia, no precipitate 
will be formed at a low temperature, (if the solution was 
not highly concentrated.) But if the clear fluid be then 
boiled, a white, heavy precipitate of basic citrate of lime 
separates suddenly. 

4. Lime-water produces no precipitate in a cold solution 
of citric acid or of a citrate. But on heating the solution 
to boiling with excess of lime-water, a white precipitate of 
BASIC CITRATE OF LIME is formed, which disappears again 
on cooling. 

5. If to a solution of citric acid, acetate of lead be added 
in excess, a white precipitate of citrate of lead (ci, 3 
Pb O, aq.) is formed, which is very sparingly soluble in 
ammonia, but easy of solution in citrate of ammonia. A 
precipitate of citrate of lead is equally formed, on adding 
citric acid in excess to a solution of neutral acetate of lead. 
This precipitate readily redissolves on the addition of am- 
monia. We have just now seen that the citrate of lead is 
very sparingly soluble in ammonia ; this solution therefore 
is not caused by the ammonia, but by the new citrate of 
ammonia. 

6. If citric acid or a citrate is heated with concentrated 
sulphuric acid, carbonic oxide gas and carbonic acid escape 
firsti without simultaneous blackening of the sulphuric acid ; 
but after boiling for some time, the solution becomes dark 
coloured, and sulphurous acid escapes. 
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e. MALIC ACID. (M = (Ce H4 Oe.) 

1. Malic acid forms with most bases, salts soluble in 
water. The acid malate of potash is not of difficult solution 
in water. Malic acid prevents the precipitation of the pe- 
roxide of iroui &C. by alkalies, in the same manner as tar- 
taric acid. 

2. When heated to 200^ Reaumur, malic acid is de» 
composed into maleic acid and humaric acid. This 
property is highly characteristic. If the experiment is 
made in a spoon, pungent acid vapours of maleic acid are 
evolved with froth, but if conducted in a tube, these 
vapours condense in the cold part of the tube, forming 
crystals. The fumaric acid remains behind. 

3. Chloride of calcium produces no precipitates, neither 
in solutions of free malic acid, nor in those of the malates. 
But if after the addition uf chloride of calcium, alcohol is 
added to the solution of a malate, malate of limb, (M| 
2Ca O) immediately precipitates as a white powder. 

4. Lime-water precipitates neither the free nor the 
combined malic acid. 

• 5. Acetate of lead throws down from solutions of malic 
acid and of malates, a white precipitate of malate of lead 
(Si, 2Pb O, 6 aq.) This precipitate is distinguished, 1st, 
by losing its curdiness, and changing into concentrically- 
grouped needles, with the lustre of mother-o'-pearl, when 
the nuid is allowed to 'stand for some time; and, 2d, by 
its melting point being lower than the boiling point of water. 
On heating, therefore, the fluid wherein this precipitate is 
suspended to the boiling point, the precipitate fuses and 
resembles resin which has been melted under water. 

6. On heating malic acid with concentrated sulphuric 
acid, the latter substances become black with evolution of 
sulphurous acid. 

Recapitulation and remarks. — Of the organic acids of 
this group, the tartaric acid and paratartaric acid are suffi- 
ciently characterized by the sparing solubility of their acid 
salts of potash, by the relation of their lime salts to solution 
of potash, and by the characteristic odour which they emit 
during their combustion. Tartaric acid may be distin^** 
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gnished from paratartaric acid best by means of its combina- 
tion with lime, since tartrate of lime is soluble in free tartaric 
a.cid, and also in solution of sal ammoniac, and thus pre- 
sents two properties, which are wanting in paratartrate ^f 
lime. The paratartaric acid, moreover, differs from tar- 
taric acid in its relation to solution of gypsum. This 
relation to a certain extent assimilates paratartaric acid to 
•oxalic acid ^ it does not, however, give rise to any mistake 
"when operating upon the free acids, since the precipitate 
"which solution of gypsum produces in solutions of para- 
tartaric acid, is never formed instantaneously. The oxa- 
lates, moreover, are easily to be distinguished from the 
paratartrates by the properties they exhibit when heated 
either by themselves or with sulphuric acid- Citric acid 
is best detected by its relations to lime-water, or to chloride 
of calcium and ammonia. . 

The sparing solubility of the washed citrate hf lead in 
ammonia, distinguishes citric acid from tartaric and para- 
tartaric acid. The other re-agents which produce preci- 
pitates or other alterations in its solutions, such as chloride 
of gold, and salts of silver and mercury, &c., show the 
same or similar relations to tartaric and paratartaric acid, 
and,* therefore, do not afford us safe means of distinguishing 
citric acid from the two latter substances. Malic acid 
would be sufficiently characterized by the properties which 
malate of lead presents when heated uncler water, if this 
re-action were of greater sensibility, and if it were not 
prevented so easily by the presence of other acids. The 
precipitation of malate of lime by alcohol can only be of 
value for the detection of malic acid, when we have previ- 
ously convinced ourselves of the absence of all other acids, 
the lime salts of which are sparingly soluble in water, and 
quite insoluble in alcohol, such, for instance, as sulphuric 
acid or boracic acid. It is, however, always necessary 
further to test the precipitate produced by alcohol. The 
heating of malic acid in a glass tube leads to the most 
certain result ; this test is, however, not applicable under 
all circumstances. 
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Second Group of the Organic Acids, 

ACIDS>, WHICH ARE UNDER NO CONDITION WHATEVER PRE' 
CIPITATED BY CHLORIDE OF CALCIUM, BUT ARE PRECI- 
PITATED FROM THEIR NEUTRAL SOLUTIONS BY PERCHLO- 

RiDE OF IRON *. Sucdntc add, Benzoic add, 

i 103- 

a, SUCCINIC ACID. § = (€4 H, O3.) 

1 . Pure succinic acid is inodorous, dissolves readily fa 
water, and volatilizes completely when heated. The ojffi- 
cinal acid, which has an empyrenmatic odour, leaves 3 
small carbonaceous residue. The succinates are decom- 
posed at a red heat, with the exception of succinate of 
ammonia ; those which have an alkali or alkaline earth for 
their base, are converted into carbonates in this processr. 
Most of the succinates are soluble in wafer ; succinic acid 
enters into insoluble or sparingly soluble combinations onlj 
with the metallic oxides which are weak bases. 

2. Perchloride of iron produces, in a solution of succinic 
acid brownish pale red, bulky precipitate of persuccinatb 
OF IRON (Fe* Ug, 3s). To render this precipitation com- 
plete, the free acid must first be neutralized with ammonia, 
rersuccinate of iron readily dissolves in acids, and is 
decomposed by ammonia ; the hydrated peroxide of iron 
separates, in this process of decomposition, and succinic 
acid dissolves as succinate of ammonia. 

3. Acetate of lead yields with succinic acid a white pre- 
cipitate of SUCCINATE OF LEAD (Pb O, §) which is soluble 
in succinic acid in excess, in solution of acetate of lead, and 
in acetic acid. 

4. Protonitrate of mercury and nitrate of silver also 
precipitate the succinates ; these precipitates, however, are 
oy no means characteristic. 

5. The alkaline succinates are insoluble in alcohol. 

6. BENZOIC ACID. (Be=Bz =Cm H5 OsS) 

1 . Pure benzoic acid appears in the form of white scales 
or needles, or merely as a crystalline powder. It volatili- 
zes completely when heated. Its vapours cause a peculiar 
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irritating sensation in the throat, and provoke coughing. 

The common officinal benzoic acid has the odour of benzoin, 

and on being heated, leaves a small carbonaceous residue. 

T'be benzoates of the alkalies and alkaline earths, are con- 

irerted into carbonates by heat. Benzoic acid is very 

sparingly soluble in cold water, but of pretty easy solution 

in hot water and in alcohol. It forms with most oxides 

salts soluble in water, and enters into insoluble or sparingly 

soluble combinations only with those oxides which are weak 

bases. 

2. Benzoic acid shows the same relation to chloride of 
iron as succinic acid. The perbenzoate of iron, (Fcs, 
O3, 3Be,) is however by far brighter and more yellow than 
the succinate. Ammonia decomposes it in like manner as 
the succinate. When treated with stronger acids, the latter 
combine with the peroxide of iron, and the benzoic acid, on 
account of its sparing solubility, separates as a white 
precipitate. 

2. If to the solution of a benzoate a strong acid be added, 
the benzoic acid is expelled, and separates in the form of a 
shining white, sparingly soluble powder. The benzoic 
acid separates in the same manner from its soluble salts, 
as already stated, 2,) if some stronger acid is added to these 
salts which forms soluble salts with the bases with which 
the benzoic acid was combined. 

Acetate of lead does not, or at least not immediately, 
precipitate the free benzoic acid nor the benzoate of ammo- 
nia, but it precipitates benzoates with fixed alkaline bases,, 
in the form of while flakes. 

5. The alkaline benzoates are soluble in alcohol. 

Recapitulation and Remarks. — Succinic and benzoic 
acid are distinguished from all other acids by their ready 
volatility and their relation to perchloride of iron. They 
diflFer from each other in the colour of their persalts of iron, 
but especially in their solubility, succinic acid being readily 
soluble, whilst benzoic acid is very difficult of solution. 
Benzoic acid may, moreover, be delected by its irritating 
and cough-provoking vapours. Succinic acid is generally 
not quite pure, and may, therefore, also be detected by its 
odour of oil of amber. 
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A separation of these acids from each other may be 
effected by decomposing;; their persalts of iron by ammonia, 
and treatmg the new-formed compounds with alcohol, 
after previous evaporation to dryness. The separation of 
these acids iSf oi course, even more simple, if we can 
combine them with alkaUes in a more direct way. The 
benxoate in that case dissolves, whilst the succinate remains. 

Third Group of the Organic Acids. 

ACIDS WHICH ARE NOT PRECIPITATED, UNDER ANT CONDI- 
TION, BT CHLORIDE OF CALCIUM OR PERGHLORIDB OF 

IRON : Acetic Addj Formic Acid* 

§ 104. 

a, ACETIC ACID, (a =04 H3 OsO 

1. Acetic acid is completely volatilized by heat, forming 
vapours of a pungent odour, which in their concentrated 
state are inflammable and bum with a blue flame. The 
acetates are decomposed at a red heat. Among the pro- 
ducts of their decomposition we usually find acetic acid, 
and invariably acetone. The acetates which have an alkali 
or alkaline earth for their base are converted into carbon- 
ates, in this process. Many of those with a metallic base 
leave the metal behind in its metallic state, others as oxide. 
All the residues are carbonaceous. Almost all acetates 
are soluble in water and alcohol ; most of them readily 
dissolve in water, but a few are difficult of solution. 

2. If perchloride of iron is added to acetic acid, no 
alteration takes place, but if the acid is previously satu- 
rated with ammonia, or if a neutral acetate is mixed with 
perchloride of iron, the solution assumes a deep and dark 
red tint, owing to the formation of peracetate op iron. 
Ammonia precipitates all the peroxide of iron from such 
a solution. 

3. Neutral acetates (but not free acetic acid) yield with 
nitrate of silver^ white crystalline precipitates of acetate 
OP SILVER, (Ag O, A) which are very sparingly soluble in 
cold water. They dissolve more readily in hot water, but 
they separate again from the solution, on cooling, in the 
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form of very fine crystals. Ammonia dissolves them 
readily ; free acetic acid does not increase their solubility 
in water. 

4. Protonitrate of mercury produces in solutions of 
acetic acid, and even with greater facility in solutions of 
acetatesi white scaly crystalline precipitates of prot ace- 
tate OF MERCT7RT, (Hg^ O, A,) which are sparingly 
soluble- in water and acetic acid, at a low temperature, but 
easily soluble in an excess of the precipitant. Protacetate 
of mercury dissolves in water on the application of heat, 
but separates again, on cooling, in the form of small crys- 
tals ; it becomes partly decomposed in this process, me- 
tallic mercury separates and imparts a gray colour to the 
precipitate. If protonitrate of mercury is boiled with 
dilute' acetic acid instead of water, the quantity of the 
metallic mercury separating is exceedingly minute. 

5. If acetates are heated with dilute sulphuric acid, 
ACETIC ACID is cvolvcd, which may be detected by its pun- 
gent odour. And if the acetates are heated with about 
equal weights of concentrated sulphuric acid and alcohol, 
ACETIC ETHER is cvolvcd ; the odour of this ether is highly 
characteristic and agreeable ; it becomes particularly per- 
ceptible on agitating the mixture when somewhat cooled 
down, and scarcely admits of any mistake, and certainly 
far less than the pungent odour of free acetic acid. 

6. If acetates are distilled with dilute sulphuric acid, 
and the distillate digested with oxide of lead in excess, 
part of this oxide will be dissolved as a basic acetate of 
lead, which may easily be detected by its alkaline reaction. 

fc. FORMIC ACID* (Fo Os = CjHOs.) 

1. Formic acid has a characteristic pungent odour; it 
volatilizes completely on heating ; the vapours of the con- 
centrated acid are inflammable and bum with a blue flame. 
The formiates, like the corresponding acetates, when 
heated to redness, leave either carbonates or oxides, or 
metals behind; with simultaneous separation of carbon, 
carburelted hydrogen, and escape of carbonic acid and of 
water. All combinations of formic acid with bases are 
soluble in water ; alcohol does not dissolve all of them* 
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2. Formic acid presents the same relation to perchloride 
qf iron as acetic acid. 

3. Nitrate qf silver does not precipitate free fonnic acid, 
and precipitates alkaline formiates only from concentrated 
solution. The whitCi sparingly soluble, crystalline pre- 
cipitate of FORMiATE OF SILVER (Fo O3 AgO) soon assumcs 
a deeper tint owing to the separation of metallic silver. 
This reduction to metallic silver takes place, even at a low 
temperature, after the solution containing the formiate of 
silver has been allowed to stand for some time, but it fol- 
lows instantaneously upon the fluid being heated with the 
precipitate* The same reduction of the oxide of silver 
ensues even if the solution of the formate was so dilute, 
that no precipitate had been formed, or if we have to ope- 
rate upon free formic acid. In this process, the formic 
acid, which may be considered a compound of carbonic 
oxide and water, deprives the oxide of silver of its oxygen, 
giving rise to the formation of carbonic acid, which escapes, 
and of water ; the metal is precipitated in its metallic state. 

4. Protonitrate of mercury does not produce precipita- 
tion in free formic acid ; but in concentrated solutions of 
alkaline formiates it causes a white, sparingly soluble 
precipitate of protoformiate of mercury, (Fo O3 Hg, 
O,) which after a very short time turns gray, owing to the 
separation of metallic mercury ; complete reduction takes 
place, soilietimes even at a low temperature, but instanta- 
neously on heating. In this process, also, carbonic acid 
and water are formed. This reduction, in the same 
manner, as is the case with the nitrate of silver, takes 
place, even if the fluid is so dilute, that the protoformiate 
of mercury remains in solution, or if we have free formic 
acid to operate upon. 

5. If formic acid or an alkaline formiate be heated with 
perchloride of mercury to 60-70° Reaumur,"a precipitate 
of PROTocHLORiDE OF MERCURY is obtained. When heated 
to the boiling point of water, metallic mercury separates 
besides the protochloride. 

6. If formic acid or a formiate is heated with concen- 
trated sulphuric acid, it becomes decomposed without 
blackening the fluid, giving rise to the formation of water 
and carbonic oxide gas, which escapes with effervesence, 
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and when ignited, burns with a blue flame. The sulphuric 

acid withdraws from the fonnic acid, the water or oxide 

necessary to the existence of this substance, and thus 

oauses a transposition of its atoms to take place (C^ 

H Oa= 2 CO-hHO.) If a formiate is heated with dilute 

nitric acid, formic acid escapes, which may easily be 

detected by its odour. If a formiate is drenched with a 

mixture oi sulphuric acid and alcohol, formic ether is 

eYolved, which is characterized by its peculiar arrack 

smell. 

Recapitulation andremarks. — As the reactions of acetic 
acid and fonnic acid are not so characteristic as those of 
many other adds, their safe detection can only be based 
on the concurrence of all the reactions we have stated. 
Acetic acid is most easily detected by its odour or by that 
of acetic ether, but most safely by its behaviour with oxide 
of lead. Formic acid may best be detected by its beha- 
yiour with sulphuric acid and with the salts ot the noble 
metals. The separation of acetic acid from formic acid is 
eflfected by heating both acids with peroxide of mercury in 
excess, or with oxide of silver. The formic acid reduces 
the oxides, and becomes decomposed at the same time ; 
the acetic acid combines with them and remains in solution. 
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PART II, 

PRELIMINARY REMARKS 

ON THE 

COURSE OF QUALITATIVE ANALYSIS IN GENERAL, 

AND ON THE 

PLAN OP THIS SECOND PART OF THfc PRESENT WORK 

IN PARTICULAR. 

When we are once acquainted with the reagents and 
the relation of other bodies to them, we are immediately 
able to determine, whether some simple compound or 
other, the physical qualities of which admit of drawing an 
inference as to its nature, is in reality what we take it to 
be. Thus, for instance, a few simple reactions convince 
us that a body which we suppose. to be calcareous spar, is 
really carbonate of lime ; and another substance, which we 
deem gypsum, is really sulphate of lime. This know- 
ledge is usually equally sufficient to ascertain, whether a 
certain body be present or not in some compound sub- 
stance or other ; for instance, whether a white powder 
contains protochloride of mercury or not. But if our de- 
sign is to ascertain the chemical nature of a substance en- 
tirely unknown to us — if we wish to discover all the con- 
stituents of a mixture or a chemical combination — if we 
intend to prove that, besides certain bodies we have de- 
tected in a mixture or compound, no other substance can 
be present with it, and, consequently, if a complete quali- 
tative analysis is our object, the mere knowledge of rea- 
gents and reactions is no longer sufficient ; we must of ne- 
cessity know besides how to proceed systematically in our 
analysis ; i. e. we must know in what order we have to 
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apply solventSi and general and especial reagents, so as to 
be enabled with celerity and certainty to determine that 
all those substances which a compound or mixture does 
MOT contain, are reallt not contained in it ] and on the 
other hand, quickly and safely to detect those bodies which 
ARE PRESENT in the substance under examination. If w^g 
do not possess the knowledge of this systematic course, 
or if, in the hope of more rapidly attaining our object, v^g 
adhere to no method whatever in our investigations and 
experiments, analysis becomes (at least in the hand, of a 
novice) mere guessing, and the results obtained are no 
longer the fruits of scientific calculation, but mere matters 
of accident, which sometimes may prove lucky hits, and at 
others total failures. 

A definite method, therefore, must form the basis of 
every analytical investigation. But it is not by any means 
necessary that this method should be in all cases one and 
the same. Practice, reflection, and a due attention to cir- 
cumstances, will, on the contrary, in most cases direct us 
to various and different methods. But all analytical me- 
thods agree in this, that the substances existing, or sup- 
posed to exist, must first be divided into certain groups, 
and the bodies belonging to these groups be further dis- 
tinguished from each other, so as at last to admit of their 
individual detection. The diversity of analytical methods 
depends partly on the order in which reagents are applied, 
and partly on their selection. 

Before we can venture upon inventing methods of our 
own for individual cases, we must first make ourselves 
thoroughly conversant with a certain definite course or 
system of chemical analysis in general. This system 
niust have passed through the ordeal of experience, and 
must be adapted to every case imaginable, so as to enable 
us afterwards, when we have acquired some practice in 
analysis, to determine which modification of the general 
metnod will, in certain given cases, most easily and rapidly 
lead to the attainment of the object in view. 

The exposition of such a systematic course, adapted to 
all cases, tested by experience, and combining the greatest 
possible simplicity with the greatest possible security, is 
the object of the second part of this work. 
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rPhe elements and combinations comprised in it are the 
same which we have enumerated in our preliminary 
remarks. 

Since it is necessary in the formation of such a system- 
atic course to provide for every possible circumstance which 
may occur, it follows, as a matter of course, that we are 
obliged to suppose those substances which we treat of — 
(however mixed and intermixed with each other we may 
adixiit them to be) free from extraneous organic matters, 
since the presence of such matters prevents the manifesta- 
tion of many reactions, and causes various modifications in 
others. "We by no means 'intend to assert here that the 
proposed systematic course may not be exactly followed 
even in presence of many organic substances, especially of 
those which dissolve in water, forming colourless transpa- 
rent fluidis. Experience and reflection in every individual 
case will best instruct us how to act in cases where dark 
colouring slimy matters are present. For the most impor- 
tant rules, and the method in general, we refer to § 129. 

This second part is divided into two sections ; the first 
contains practical instructions in analysis, wherein 
we have pointed out a way which must lead to the end in 
view, if systematically followed. At first sight, many parts 
of it may, perhaps, be deemed rather prolix ; I think, howe- 
ver, that it would have scarcely been possible to abbreviate 
it, except at the expense of clearness and perspicuity for 
beginners. I hope, moreover, that my readers will soon 
become convinced by experience that this prolixity, after all, 
does not prove any bar to the celerity with which the sys- 
tematic course may be gone through, as I have always 
divided the phenomena which may occur, into clearly cha- 
racterized instances; and thus a given object being the only 
one to be considered, and one number always referring to 
the other, the student may save himself the trouble of read- 
ing through those parts which are not adapted for the 
especial case engaging his attention. 

The subdivisions of this practical course are, 1 , Preli- 
minary examination ; 2, Solution ; 3, Real examination ; 
4, Confirmatory experiments. The third subdivision (the 
real examination) is again subdivided into, 1, Examination 
of compounds in which we suppose but one basis and but 
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one acid present ; and, 2, Examination of mixtures or com- 
pounds in which we suppose that all those substances 
which we have taken into consideration may be present. 
With respect to the latter, it must be observed that where 
the preliminary examination has not afforded us the most 
certain conviction of the absence of certain groups of sub- 
stances, we cannot safely disregard any paragraph to which 
we refer, in consequence of the phenomena that manifest 
themselves. In cases where we merely intend to test a 
combination or mixture for certain substances, and not for 
all its constituents, it will be easy to find those numbers 
which we have to take into consideration. 

The second section contains an explanation of the 
PRACTICAL PROCESS, an cxposition and explanation of the 
grounds whereon the separation, and the causes, whereon 
the detection of substances depend ; and, moreover, various 
additions to the first section. Students would do well to 
make themselves early acquainted with this section, which 
may be advantageously studied, concurrently with the 
practical process. 

As an appendix, we give a general scheme of thb 

ORDER IN WHICH THOSE SUBSTANCES WHICH ARE TO BE 
ANALYZED FOR THE SAKE OF PRACTICE MAY MOST JUDI- 
CIOUSLY BE SUCCESSIVELY TAKEN; and ALSO A TABULAR 
ARRANGEMENT OF THE MORE FREQUENTLY OCCURRING 
FORMS AND COMBINATIONS OF THB SUBSTANCES ENUME- 
RATED IN OUR PRELIMINARY REMARKS, ACCORDING TO 
THEIR VARIOUS DEGREES^ OF SOLUBILITY IN WATER AND 

ACIDS. The first is intended to serve the pupil as a guide 
to the rapid and certain attainment of his object ; i. e. a 
sound ancf complete acquisition of qualitative analysis ; and 
the second will, undoubtedly, prove useful to many who are 
not yet quite conversant with the various degrees of solu- 
bility of compound bodies, especially in cases where they 
have to draw conclusions as to how the delected acids, 
bases, &c., have been combined, or what particular acids 
cannot possibly be present in aqueous or acid solutions, 
when the latter contain certain bases. 



< 



PRELIMINA.RY SXAMINATION. 181 

FIRS'r SECTION. 
PRACTICAL PROCESS. 

I. PRELIMINARY EXAMINATION. 
§ 105. 

In the first place, the external and sensible properties 
of the substance under examination should be considered, 
45uch as its colour, shape, hardnessi gravity, odour, &c., as 
many conclusions may often be drawn therefrom. Before 
proceeding any further, we ought to consider well how 
much of the substance to be examined we have at com- 
mand, since it is necessary at this early period of the exa- 
mination to determine the quantity which we may use in 
the preliminary investigation. A reasonable economy is 
in all cases advisable, though we may possess the sub- 
stance in large quantities ; and it must be laid down as a 
fixed rule, never to use at once all we possess of a sub- 
stance, but always to keep at least a small portion of it 
for unforeseen accidents, and for confirmatory experi- 
ments. 

A. THE BODY UNDER EXAMINATION IS SOLID. 

I. IT IS NEITHER A PURE METAL NOR AN ALLOT. 

1. The substance is fit for examination when in powder 
or in small crystals ; but when in larger crystals or in 
solid pieces, a portion of it, if possible, must first be re- 
duced to powder. 

2. The powder is heated over the spirit-lamp, in a small 
iron spoon. The phenomena resulting admit of many 
safe inferences as to the nature of the substance, and allow 
us to draw many probable conclusions. 

a. The substance remains unaltered : no or- 
ganic substances, no salts containing water of crys- 
tallization, no easily fusible matter, no volatile bodies* 

b. It fuses easily, and becomes solid agaik 
WITH the expulsion OF AQUEOUS VAPOUR ; salts 
which contain water of crystallization. If the solidi* 

8 ^ 
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fied residue fuses again upon the application of aa 
increased heati c must be referred to. 

c. It fuses without expulsion of aqueous ya- 
POUA. A small piece of paper is added to the melt- 
ing mass^ if deflagration takes placei it indicates 
NITRATES, or morc rarely, chlorates. 

d. It VOLATILIZES completely or partly. In 
the first case, no fixed bases are present ; in the latter, 
the substance contains a volatile body in admixture. 

«. No odour is emitted. In tms case we must 
especially have regard to compounds of ammonia, 
MERCURY, and arsenic 

/8. An odour is emitted at the same time. If it 
is that of sulphurous acid, sulphur is present ; if 
that of iodine, and if the vapours are violet, the 
presence of free iodine is certain. With equal cer- 
tainty free benzoic acid, and many other substances^ 
may be detected by the odour of^ their vapours. 

e. The substance is a white powder turning 
to yellow on beating 'j this indicates oxide of 
ZINC or oxide of lead ; the latter substance remains 
yellow on cooling, whilst the oxide of zinc resumes 
its while colour. 

/. Carbonization takes place : organic sub- 
stances. If the residue effervesces when drenched 
with acids, whilst the original substance does not 
present that property, it indicates the presence of 
ORGANIC acids. Combined with alkalies or alkaline 
matter. If the odour of cyanogen is perceptible, it 
indicates the presence of a cyanide. 

Many substances, moreover, swell up considerably, 
as for mstance, borax, sulphate of alumina ; others 
decrepitate, e. g. chloride of sodium, and chloride of 
potassium, &c. ; these phenomenaj however, less 
admit of general and certain conclusions than those 
stated above. 
3« A small portion of the substance is put on a charcoal 
support, and exposed to the reducing flame of the blow- 
pipe. Since most of the phenomena just now described 
(2) are equally obtained by this process, we will here 
mention only those which particularly belong to the latter. 
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a. The substance volatilizes partly or com- 
pletely. This indicates besides the substances 
mentioned in § 105, 2, J, also oxide of antimony, 
and several other oxides. (Compare § 105, 6, <2, /S.) 
Oxide of antimony fuses previous to its volatilization^ 
in the form of a white vapour. It must, moreover, be 
remarked, that when arsenious or arsenic acid are 
present, a characteristic odour of garlic is perceptible, 
"which is stronger if soda has previously been added 
to the test specimen. 

6. The body fuses, and is imbibed by the 
CHARCOAL ; this indicates the presence of alkalies. 
This process is conducted by putting a portion of the 
substance reduced to powder on the moistened loop 
of a platinum wire, and applying the heat of the re- 
ducing blow-pipe flame to it. If the oxidizing flame 
assumes a violet tint, it indicates the presence of pot- 
ash alone ; if a yellow tint, the presence of sodA| 
which may, however, be mixed with potash, even in 
a considerable proportion, since the flame always ap- 
pears yellow when both these alkalies are present 

c. An infusible white residue remains on the 

CHARCOAL, either IMMEDIATELY, OR AFTER PREVIOUS 

melting in the water of crystallization ; this 
indicates especially the presence of barytes, strontian, 
lime, magnesia, alumina, zinc, and silicic acid. Of 
these substances strontian,, lime, magnesia, and 
zinc, are distinguished by being very luminous in the 
blow pipe flame. A drop of solution of nitrate of 
cobalt is added to the white residue, and the latter 
then again strongly heated. Alumina presents a fine 
blue tint, magnesia a reddish, and zinc a green 
colour. When silicic acid is present, the flame as- 
sumes also a feeble bluish tint, which should not be 
confounded with that produced by alumina. Silicic 
acid is moreover distinguished by forming a clear 
glass, with effervescence, when mixed with carbonate 
of soda, and exposed to a strong blow-pipe flame. 
(§ 99, b.) 

d. An infusible residue of a different co- 
lour REMAINS, OR A METALLIC REDUCTION TAKES 
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FLACa, WITH OR WITHOFT INCRUSTATION OP THE 

CBARCOAL SUPPORT. A portion of the powder is 
mixed with carb<Miate of soda, and heated in the re* 
docing fiame on charcod. 

«. A metallic grain is obtained, wiliiout simulta- 
neous incrustation of the charcoal ; this indicates 
the presence of gold, silver, tin, t)R copper. 
Platinum, iron, cobalt, and nickel, equally become 
reduced, but yield no metallic grains. 

/a. The charcoal support is coated over with an 
incrustation, either with or without simultaneous 
formation of a metdlic grain : this indicates the 
presence of bismuth, lead, cadmium, antimony, or 
zinc. 

aa. If the incrustation is white, antimony 
or zinc may be supposed present. The ia- 
crustation produced by zinc appears yellow as 
long as it remains hot The pure metallic 
grain of antimony evolves white vapour, even for 
a long time after all application of heat has been 
withdrawn; and at last, on cooling, becomes 
generally surrounded with crystals of oxide of 
antimony. It is brittle under the stroke of a 
hammer. 

bb. The incrustation is more or less yellow 
or brown ] this indicates the presence of bismuth, 
LEAB, or cadmium. The yellow incrustation of 
oxide of cadmium has a shade of orange colour 
in it ; the brownish-yellow incrustations of oxide 
of lead and oxides of bismuth change into a light 

! yellow on cooling. Cadmium immediately volati- 
izes oh becoming reduced. The grains of lead 
are very ductile, whilst the grains of bismuth 
wre brittle under the stroke of the hammer. 

The -student must be prepared, of course, to meet with 
combinations of bodies giving rise to mixed phenomena, 
and must deduce his conclusions accordingly, since we 
cannot give strictly defined cases in these general rules. 
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II. TH£ S^UBSTANCS la A METAL OR AN AJUiOT, 

1 . The test*specimen is drenched and heated with water, 
ixuxed with some acetic acid. 

a. Hydrogen is evolved ; this indicates the pre- 
sence of a light metal. The presence of alkalies and 
of alkaKne earths must be had regard to in &e real 
examination. 

6. No HYDROGEN 18 EVOLVED ; this indicates the 
absence of light metals. Alkalies and alkaline eartha 
need, not be considered in the course of the special 
investigation. 

2. The test^specimen is heated on charcoalt in the redu* 
Gtng Uow-pipe flame, and the phenomena observed, such 
as, for instance^ whether the substance fuses, whether 
an incrustation is formed, whether any odour is emit- 
ted, &c. 

a. The substangb remains unaxtgbbd ; this is 

1>retty conclusive of the absence of antimony, zinc, 
ead, bismuth, cadmium, tin, mercury, and arsenic ; 
the absence of gold, silver, and copper, is also proba- 
ble ; it indicates the presence os platinum, iron, 
manganese, nikbl, or cobalt. 

6. The substance fuses without simultaneous 
incrustation, and without emission or ODOUR ; 
this indicates the absence of antimony, zinc, lead, bis- 
muth, cadmium, and arsenic, and the presence of gold, 
silver, copper, or tin. 

c. The substance fuses with the formation of 

A CRUST, BUT WITHOUT EMITTING ANY ODOUR ; this 

indicates the absence of arsenic, and the presence of 
antimony, zinc, BISMUTH, LEAD, or CADMIUM. (Com- 
pare § 105 A. I., 3 d, /3.) 

d. The substance emits a garlic odour ; this in- 
dicates the presence of arsenic. For the other phe- 
nomena which may manifest themselves, we refer to 
a, 6, or c. 

3. The substance is heated bef(»re the blow^pipe in a 
g lass tube, closed at one end. 

a. No sublimate is formed in the colder part 

OFTHE TUBE ; this indicates the absence of mercury. 

&» A suBLiBCATE IS FORMED ; this indicates the pre* 



186 PRBLXMINA&Y EXAMINATIOIT. 

sence of mbrcvrTi cadmium, or arsenic. The sab- 
limate of meicuxy, which consists of small globules, 
cannot be confounded with the sublimate of cadmium 
or arsenic. 

B. THB SUBSTANCE UNDER EXAMINATION IS A FLUID. 

1. A small portion of the fluid is evaporated in a plati- 
num spooui or in a small porcelain crucible, to enable us 
to determine whether the nuid contains any substance in 
solution, and what is the nature of the residue. (§105 

A.) 

2. The fluid is tested by litmus papers. 

a. Blue litmus paper becomes red. This reac- 
tion may be caused either by a free acid, or an acid 
salt, or by a soluble metallic salt. In order to distin- 
guish these two cases from each other, a small quanti- 
ty of the liquid is poured into a watch-glass, and a lit- 
tle rod placed into it, the extreme point of which has 
previously been dipped into dilute solution of carbo- 
nate of potash ; if the fluid remains clear, or if the 
precipitate which may form is redissolved on stirring 
the liquid, it indicates the presence of a free acid or 
an acid salt ; but if the fluid becomes turbid, it proves 
the presence of a soluble metallic salt, at least gene- 
rally. As a matter of course, with the presence of a 
free acid or acid salt, the solution cannot be considered 
as a mere aqueous one, and consequently we must look 
carefully to all those phenomena which may indicate 
the presence of bodies insoluble in water, and soluble 
only in acids. 

o. Reddened litmus paper becomes blue ; this 
indicates the presence of free alkalies, or alkaline 
carbonates, free alkaline earths, or alkaline sulphu- 
rets, and also of a series of other salts of which this 
reaction is characteristic. With the presence of a 
free alkali, a body dissolved in the fluia may as well 
belong to those soluble as to those insoluble in water. 
We refer to § 114 I., 2, for further information on 
this subject. 

3. We test by smelling and tasting, or should this not 
yield any safe results, by distillation, whether Ae simple 
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solvent present is water, alcohol, ether, &c. If it is found 

sa<»t to be water, the solution is evaporated to dryness, and 

Che residue treated according to § 106 A. 

4. If the solution is aqueous, and manifests an acid 

ireaction, a portion of it is highly diluted with water. If 
i.t becomes milky, the presence of antimony, bismuth, or 
mN, may be supposed. If the precipitate disappears on 
tiie addition of tartaric acid, we may conclude tnat anti- 
XBony is present, whilst its disappearance on the addition 
of acetic acid, but not of tartaric acid, indicates the pre- 
sence of bismuth. The original fluid is then treated either 
as § 107 directs, or § 114, according to whether we have 
reason to suppose it to be the solution of a simple or of a 
compoimd or mixed substance. 

IL SOLUTION OF BODIES OR CLASSIFICATION OF SUB- 
STANCES ACCORDING TO THBIR RELATIONS TO CERTAIN 
BOLYENTS. 

§ 106. 

Water and hydrochloric acid, or in certain cases acetic 
acid, are the solvents used to classify simple' or compound 
substancesi and to isolate the component parts of mixtures. 
We diride substances into three classes, according to 
their relations to these solvents. 

First class, — Substances soluble in watbr^ 
Second class. — Substances insoluble or sfar- 

INOLT soluble IN WATER, BUT SOLUBLE IN HYDRO* 
CHLORIC OR NITRIC ACID. 

Third class. — Substances insoluble or spar- 
ingly SOLUBLE, BOTH IN WATER, AND ALSO IN HYDRO- 
CHLORIC OR IN NITRIC ACID. 

A special method for the solution of alloys is given in 
§ 106 B, as it is advisable to dissolve them in a manner 
somewhat different from that employed by other bodies. 

The process of solution or separation is conducted in 
the following manner. 

A. THE SUBSTANCE UNDER EXAMINATION 18 NEITHER A METAL 

NOR AN ALLOY. 

I. About fifteen or twenty grains of the substance to 
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be ezannnedy reduced to powder, are covered in a test- 

tsbe with ten or twelve times as much water, and heated 

to the boiling point over a spirit-lamp. 

a. Tbe substance is completely dissolved. In 
this case it belongs to the first class ; regard must be 
kad to what we have stated in M(^ B, 2, concerning 
reactions. The solutiim is treated either as statdl 
at ^ 107, and at ^ 114, according as to whether one 

^ or several acids and bases are supposed to be present. 

b, A RESIDUE REMAINS, EVEN AFTER BOILING THE 

SOLUTION roi^ A LONG TIME. The solution is allowed 
to settle, and filtered, so that the residue remaii^ in 
the test-tube if possible ; a few drops €>f the clear 
filtrate are tlien evaporated on a clean jdatinum plate ', 
if no residue remains, the substance is completely 
insoluble in water, and is then further tested, as stated 
in § 106, 2. But >f a residue remains, the substance 
is at least partly soluble. It is then again boiled with 
water, filtered, and the filtrate added to the original 
solution. This fluid is treated, according to circum- 
• stances, either as ^107 directs, or as stated § 114. 
The residue is washed, and treated according to 
§ 106, 2. 
2. This residue is drenched with dilute hydrochloric 
acid. If it does not dissolve* it is heated to the boiling 
point, and if even then no complete solution takes place, 
the fluid is decanted, and the residue boiled with concen- 
trated hydrochloric acid. 

The phenomena which may manifest themselves 
in this operation, and which ought to be carefully 
observed, are, «, Efiervescence, which indicates the 
presence of carbonic acid, or sulphuretted hydrogen, 
vide § 108, 2. ^. Evolution of chlorine, which indi- 
cates the presence of hyperoxides, chromales, &c. 
y. Emission of the odour of hydrocyanic acid, which 
indicates the presence of insoluble cyanides. Since 
it is advisable to decompose the latter in a difierent 
manner, a special paragraph will be devoted to them. 
(Vide § 128.) 

a. The residue is completely nrssoLVED by tab 
BYURocHLORic ACID; the solution is treated accord- 
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ing to circumstances, either as directed § 110, or as 
stated § 114. The substance belongs to the second 
class. 

The separation of undissolved sulphur, which is 
easily detected by its colour and specific gravity, 
belong also to this category. 
6. A RESIDUE REMAINS. . In this case the test-tube 
containing the specimen boiled with hydrochloric 
acid, is put aside pro tempore, and another specimen 
of the substance under examination is boiled with 
nitric acid, with the subsequent addition of water. 
»♦ The specimen is completely dissolved^ or 
undissolved sulphur alone remains ; the body in 
these cases also belongs to the second class ; 
the solution is further tested for bases, according 
to circumstances, either as directed ^ 110, or as 
stated § 114, iii* 

fi, A residue remains, 

aa. We have reason to suppose that the 

SUBSTANCE UNDER EXAMINATION CONTAINS BUT 

ONE BASE AND ONE ACID. The substance is 
drenched with aqua regia, and then heated. 

tut. The substance dissolves. The solu- 
tion is treated according to ^ 110. 

i3/9. The substance does not dissolve. In 
that case we proceed according to ^ 113. 
bb. We have reason to suppose that the 

SUBSTANCE UNDER EXAMINATION 19 A COMBINA- 
TION OR MIXTURE OF SEVERAL COMPOUNDS. luthis 

case the reserved hydrochloric solution (§ 106 A. 
2, 6,) is used to test for the bases. It is for this 
purpose heated to boiling with the insoluble 
residue — (which latter must then be treated as 
stated, § 106, 3) — and filtered hot into a tube 
containing some water, the residue is then 
boiled with some water, filtered hot, and the 
filtrate added to the hydrochloric solution. 

»«. The filtrate becomes turbid and milky ; 
this indicates antimony or bismuth; or it 
deposits fine crystals ; this indicates the pre- 
sence of LEAD. The filtrate is heated again 
8* 
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(if neededi v^ith the addition of some hydro- 
chloric acid) till it appears clear, and then 
treated, according to § 114. II. 

fifi. The filtrate remains clear. A few 
drops of it are evaporated to satisfy ourselves 
whether the hydrochloric acid has dissolved 
anything. If any residue remains, the filtrate 
is treated according to § 114, II. 
3. If boiling concentrated hydrochloric acid has left a 

residue, it is washed with water, and treated as directed, 

J 127. 

B« THE SUBBTANCE UNDER EXAMINATION ISA METAL OR 

AN ALLOT. 

The metals are best divided according to their beha- 
viour with nitric aciS. 

I. Metals which are not affected by nitric acid : 
gold, platinum. 

II. Metals which are oxidized by nitric acid, 
but the oxides of which do not dissolve in an 
excess of the acid: antimony tin. 

III. Metals which are oxidized by nitric acid, 

AND THE OXIDES OF WHICH DISSOLVE IN AN EXCESS OF 

the acid, forming nitrates: all other metals. 

A specimen of the substance is drenched with nitric 
acid of 1*25 sp. gr., and heated. 

1. Complete solution takes place, or is effect- 
ed BY THE addition OF WATER) this indicates the 
absence of platinum, gold, antimony, and tin ; a small spe- 
cimen of the solution is diluted with much water. 

a. T%e solution remains clear; some hydrochloric acid 
is added ; if this produces a white precipitate, which 
does not dissolve, on heating the fluid, but is dissolved 
by ammonia, after having been rinsed previously, 
SILVER is present. The original solution is treated 
as directed § 115. 

b. The solution becomes turbid and milky ; this 
indicates the presence of bismuth. The solution is 
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filtered, and the filtrate tested for silver, as stated, § 
106, B, If a. The original solution is treated accord- 
ing to § 115. 

S. A RESIDUE REMAINS. 

a. A metallic residue remains. The solution is 
filtered, and the filtrate treated as directed § 106, B, 1, 
after having examined whether anything has been dis- 
solved. The residue is by rinsing freed from all dis- 
solved metallic particles, dissolved in aqua regia, and 
divided into two portions ] chloride of potassium is 
added to one portion : if a yellow precipitate is formed, 
it indicates the presence of platinum. Protosulphate 
of iron is added to the other portion : if a black pre- 
cipitate is formed, it indicates the presence of gold. 

b. A white pulverulent residue remains ; this indi- 
cates the presence of antimony or tin. The solution 
is filtered, and the filtrate treated as directed § 106, 
B, 1, after having examined whether anything has 
been dissolved. The residue is carefully rinsed, and 
heated with a hot saturated solution oi l^ulxate of 
potash or a solution of tartaric acid. 

«. Complete solution takes place ; this indicates 
the presence of oxide of antimony alone; the 
solution is tested with solution of sulphurettfl 
hydrogen. 

fi. A white precipitate remains, even after boiling 
with a fresh poi^tion of solution of bitartrate of potash 
or of tartaric acid ; this indicates the probable pres- 
ence of tin. The solution is filtered and mixed with 
solution of sulphuretted hydrogen- If an orange-red 
precipitate is formed, oxide of antimony is present. 
The presence of oxide of tin is ascertained by mixing 
the residue with cyanide of potassjjim and carbonate 
of soda, and reducing it before the blow-pipe. 
(Compare § 94, c, 7.) 
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in. REAL EXAMINATION. 

Compounds supposed to consist simply of one base and one 
acid ; or one metal and one metalloid. 

A. Substances soluble in water. 

Detection (f the base.* 

i 107. 

1* Some Hydrochloric acid is added to a portion of the 
aqueous solution. 

a. No PRECIPITATE IS formed; this indicates the 
absence of silver and protoxide of mercury with cer- 
tainty, and is also a probable indication of the absence 
of lead. For further examination, vide § 107, 2. 

h. A PRECIPITATE IS FORMED. Divide the floid; 
in which the precipitate is suspended, into two por- 
tions, and add ammonia in excess to the one. 

«. The precipitate vanishes, and the fluid be- 
comes clear ; the precipitate in this case consists 
(Chloride of silver, and is, therefore, indicative of 
the presence of silver. To obtain a conviction 
on tnis point the original solution must be tested 
^ with chromate of potash, and with sulphuretted 
hydrogen. (Vide § 90, a, 2, and 96, fe, 5) 

fi. The precipitate becomes black ; it consists 
in this case of protochloride of mercury, which 
has been converted by the ammonia into protoxide 
of mercury, and is, consequently, indicative of the 

Sresence of protoxide op mercury. To set all 
oubt at rest as to this point, test the original solu- 
tion with protochloride of tin and with metallic 
copper, (vide § 90, 6.) 

y. The precipitate remains unaltered ; it con- 
sists in this case of chloride of lead, which is nei- 
ther decomposed nor dissolved by ammonia ; this 
reaction is, therefore, indicative of the presence of 
LEAD. We assure ourselves of the presence of 
this substance ; 1st, by diluting the second portion 

of the fluid in which the precipitate produced by 

^-■ " ■ " ■ '■ — — ■ — ■ '■ ■ ... 

*We inclnde here arsenious and arseaic acid. 
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hydrochloric is suspended, with much water and 
applying heat. The precipitate must dissolve if it 
really is chloride of lead ; 2d, by adding dilute sul- 
phuric acid to the original solution, (§ 90, c.) 
2. Solution of sulphuretted hydrogen is added to the 
fluid acidified with hydrochloric acid, till it has imparted 
its characteristic odour to this fluid, which the latter must 
still retain even after stirring and shaking ; the hquid is 
then heated. ^ 

a. The fluid remains clear. Pass over to 3, 
. for lead, bismuth, copper, cadmium, peroxide of mer^ 
cury, gold, [datinum, tin, antimony, arsenic, and pe- 
roxide of iron« are not present. 

b, A PRECIPITATE IS FORMED. 

«. This precipitate is white ; it is in this 
case produced by the separation of sulphur, and is 
indicative of the presence of peroxide of iron. 
(§ 88> /•) The original solution is then further 
tested with ammonia and with ferrocyanide of po- 
tassium, in order to ascertain whether tlie sub- 
stance present is really peroxide of iron, 

fi. The precipitate is yellow ; in this case 
it may consist either of sulphuret of cadmium, or 
a sulphuret of arsenic, or bisulphuret of tin, and in- 
dicates therefore the presence either of cadmium* 
or of arsenic, or of peroxide of tin. To distinguish 
them, ammonia in excess is added to the fluid, 
wherein the precipitate is suspended. 

aa. The precipitate does not disappear ; cad- 
mium is present, sulphuret of cadmium being so- 
luble in ammonia. The blow-pipe is resorted 
to for further proof. (§91, d,) 

bh. The precipitate disappears. It consists 
either of peroxide of tin or of arsenic. Ammo- 
nia is added to a portion of the original solu- 
tion. 

eut, A white precipitate is formed, pc- 
roxide op tin is the substance present. As 
a conclusive proof, the precipitate is then 
mixed with cyanide of potassium and carbo- 
nate of soda, and reduced before the blow- 
pipe. (§ 94, 6.) 
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W. No precipitate is formed, *This indi- 
cates the presence of arsenic. The real 
presence of the arsenic may then be asce^ 
tained by the production of a metallic crust} 
either from the original substance, or from the 
precipitated sulphuret of arsenic, mixed with 
cyanide of potassium and carbonate of soda, 
or in some other way,'and also by mixing the 
original substance with carbonate of soda, and 
exposing it to the reducing name of the blow- 
pipe. (§ 94, d.) 
y. The precipitate is orange coloured ; in 
this case it consists of sulphuret of antimony, and 
indicates the presence of oxide of antimony. The 
blow-pipe is resorted to for further proof. (§ 94, a.) 
i* The precipitate is brown. It consists of 
sulphuret of tin, and indicates the presence of 
protoxide of tin. For conclusive proof, one 
portion of the original solution is tested with so- 
lution of perchloride of mercury, and another with 
solution of gold. (§ 94, 6.) 
f. The precipitate is black. It may in this 
case consist of sulphuret of lead, or sulphuret of 
copper, or sulphuret of bismuth, or sulphuret of gold, 
or sulphuret of platinum, or bisulphuret of mercury. 
To distinguish these from each other, the following 
experiments are made with the original solution, 
aa. Dilute sulphuric acid is added to a portion 
of it ; a white precipitate is formed ; this indicates 
the presence of lead. Chromate of potash is em- 
ployed as a conclusive test. (§ 90, c.) 

oh. Ammonia in excess is added to a portion of 
it. A blue precipitate is formed which redissolves 
in the excess of the precipitant, imparting an azure 
colour to the solution ; this indicates copper. Fer- 
rocyanide of potassium is- resorted to as a conclu- 
sive test. (§ 91, 6.) 

cc. Potash is added to a portion of it. A yellow 
precipitate is formed ; this indicates the presence 
of peroxide op mercury* Protochloride of tin 
and metallic copper are employed as conclusive 
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tests. (§91, a,) The presence of peroxide of mer- 
cury may generally also be detected by the preci- 
pitate which it yields with sulphurett^ hydrogen, 
not appearing black from the beginning, but on the 
addition of an excess of the precipitant, passing 
through white, yellow, and orange, and then at last 
changing its colour into black. (§ 91, a, 2.) 

dd, A portion of the original solution is evapo- 
rated nearly to dryness, in a porcelain crucible, and 
the residue put into a test tube, half filled with 
water. If the solution becomes milky, a basic 
salt of bismuth is present ; this reaction, therefore, 
indicates bismuth. The blow-pipe is resorted to, 
as a conclusive test. (§ 91, c.) 

ee. Solution of sulphate of iron is added to a 
portion of the original solution. A fine black pre- 
cipitate is indicative of the presence of gold. The 
blow-pipe is resorted to as a conclusive test ; or 
the original solution is tested with protochloride of 
tin. (§ 93, a.) 

ff. Chloride of potassium is added to a portion 

of the original solution ; the formation of a yellow 

crystalline precipitate is indicative of the presence 

of PLATINUM. For further proof this precipitate is 

heated to redness. (§ 93, 6.) 

3. To the fluid in which sulphuretted hydrogen has not 

produced any precipitate, or — should this have become too 

dilute — to a portion of the original solution, ammonia is 

added, till the solution has an alkaline reaction ; hydrosul- 

phuret of ammonia is then added. (If the solution was 

not acid, and thus no ammoniacal salt has been formed on 

the addition of ammonia, the addition of the hydrosulphu- 

ret of ammonia is preceded by that of sal ammoniac.) 

a. No PRECIPITATE IS FORMED ; pass ovcr to 
§ 107, 4 ; for iron, cobalt, nickel, manganese, zinc, 
chromium, and alumina are not present. 

b. A PRECIPITATE IS FORMED. 

«. TTie precipitate is black ; protoxide of iron, 
nickel, or cobalt. A portion of the original solution 
is treated with caustic potash. 

aa* A dirty greenish white precipitate is ob- 
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tained, which soon changes into a reddish-browi), 
when exposed to the air : protoxide of iron. 
Ferricyanide of potassium is resorted to as a 
conclusive test. (§ 88, e.) 

bb. A precipitate of a light greenish tint is 
produced, which does not change its colour : 
NICKEL. Ammonia and addition of potash are 
resorted to as conclusive tests. (§ 88, c) 

cc. A sky-blue precipitate is formed, which 
changes its tint into red, on boiling : cobalt. 
The blow-pipe is resorted to as a conclusive test. 
§88, d.) 
k' The precipitate is not black, 

aa. If the precipitate is of a clear flesh colour, 
it consists of sulphuret of manganese, and is, 
therefore, indicative of the presence of protox- 
ide OF MANGANESE. The addition of potash to 
the original solution, or the blow-pipe, are 
resorted to as conclusive tests. (§ 88]^ 6.) 
bb. If the precipitate is bluish-green, it consists of 
hydrated oxide ofcurokium. The addition of pot- 
ash to the original solution, and the blow-pipe are re- 
sorted to as conclusive tests. (^ 87, 6.) 

cc. If the precipitate is white, it may consist eith- 
er of hydrate of alumina, or of sulphuret of zinc, and 
thus be indicative of the presence either of alumina or 
of oxide of zinc To distinguish these, solution of 
potash is gradually dropped into a portion of the ori- 

S'nal solution, till the precipitate is redissolved, and 
en 

««. -Solution of sulphuretted hydrogen is added to 
a portion of it ; the formation of a white precipi- 
tate is indicative of the presence of zinc. For fur- 
ther proof, the reaction with solution of cobalt be- 
fore the blow-pipe is selected. (§ 88, a.) 

i8j3. Muriate of ammonia is added to another por- 
tion of the alkaline solution. The formation of a 
white precipitate is indicative of the presence of al- 
umina. The test with solution of cobalt before 
the blow-pipe is selected as a conclusive proof. (§ 
87. a.) . 
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Note to § 107. 3, p. « 

As very slight contaminations may impair the distinct- 
ness of the tints which the precipitates considered under ^ 
107- 3. 6. /3 present, it is advisable where such are sus- 
pected to adopt the following method for the detection of 
manganese, chromium, zinc, and alumina. 

Potash m excess is added to a portion of the original 
solution. 

aa. A whitish precipitate is formed, which is not 
redissolved in an excess of the precipitant, and soon 
changes its colour to a blackish brown when exposed 
to the air : manganese. The blow-pipe is resorted 
to as a conclusive lest. (^ 88, 6.) 

bb. A precipitate is formed which redissolves in 
an excess of the precipitant : oxide of chromium, alu- 
mina, zinc. 

««. Sulphuretted hydrogen is added to a portion 
of the solution with potass. The formation of a 
white precipitate indicates the presence of zinc. 

/S/3. If the original or solution with potass appear 
green, and the precipitate, first produced by potash 
and then redissolved in the excess of the precipi- 
tant, was bluish, oxide of chromium is present. 
For further proof, the solution with potass may be 
boiled, or the blow-pipe resorted to. (§ 87, h,) 

yy. Muriate of ammonia is added to the solution 
with potass. The formation of a white precipitate 
indicates the presence of alumina. The test with 
solution of cobalt before the blow-pipe is selected 
as a further proof, (§ 87, a.) 
4. Muriate of ammonia and carbonate of arhmonia, mix- 
ed with a small quantity of caustic ammonia, are added to 
a portion of the original solution, which is then boiled. 

a. No PRECIPITATE IS FORMED : absencc of bary- 
tes, strontian, or lime. Pass over to § 107, 5. 

6. A PRECIPITATE IS FORMED. Prescncc of bary- 
tes, strontian, or Hme. Solution of gypsum is added 
to a portion of the original solution, and heat applied. 
«. The solution does not become turbid even af- 
ter the lapse of Jive to ten minutes : lime. The 
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^ test v^ith oxalic acid is selected for further proof. 

(§86,c.) 

/S. The solution does not become turbid at firsts 
but after the lapse bfsome time : strontian. The 
alcohol flame is resorted to as a conciusiye test. 
(§ 86, 6.)- 

y. A precipitate is immediately formed : bary- 
TEs. For further proof, test with hydrofluosilicic 
acid. (§ 86, a.) 

5. Phosphate of soda is added to the solution of (4) in 
which carbonate of ammonia, after the addition of muriate 
of ammonia has produced no precipitate. 

a. No PRECIPITATE IS FORMED, not evcn after agi- 
tating the solution : absence of magnesia. Pass over 
to § 107, 6. 

b. A FIKE CRYSTALLINE PRECIPITATE IS FORMED : 
MAGNESIA. 

6. A drop of the original solution is evaporated on a 
platinum plate and the residue heated to redness. 

a. No FIXED RESIDUE REMAINS. The Original so- 
lution is tested for ammonia, by adding potash to it, 
and examining the odour, the vapours formed with 
acetic acid, and the reaction of the escaping gas. 
(§ 85, c.) 

b. A FIXED RESIDUE REMAINS. Potash OF soda. 
Tartaric acid is added to a portion of the origuial 
solution, and the latter well shaken. 

«. No precipitate is formed, not even after the 
lapse of ten to fifteen minutes : soda. The blow- 
pipe flame and alcohol flame, and especially the 
reaction with antimoniate of potash, are selected 
as conclusive tests. (§ 85, b.) 

fi. A crystalline granular precipitate is formed : 
POTASH. Chloride of platinum, the blow-pipe 
flame, and alcohol flame, are selected as conclusive 
tests. (§ 85, a.) 

Compounds which are supposed to contain but one 

acid and one base, ^c. 



DETECTION OF INORGANIC ACIDS. 199 

A. SUBSTANCES SOLUBLE IN WATER. DETECTION OF THE 

ACID, 

I. Detection of inorganic acids. 

§ 108. 

"We must in the first place consider what acids form 
combinations soluble in water, with the base detected, and 
bear it in mind in the subsequent examination. 

1. We have already spoken of the detection of the 
ARssNious and arsenic acid in treating of the detection 
of the bases. They are distinguished from each other by 
their behaviour with nitrate of silver, or with potash and 
sulphate of copper. ($ 94, d and e.) 

2. The detection of cardonic acid, hydrosulphuric 
ACID and chromic acid, has also already been pointed out, 
when treating of the detection of the bases. The two 
former betray their presence by effervescing on the addi- 
tion of hydrochloric acid ; they may be distinguished from 
each other bv their odour, and if needed, the presence of 
carbonic acid may be proved by its reaction with lime- 
water, (^ 99, a,) and that of sulphuretted hydrogen by the 
reaction with solution of lead. (§ 100, e.) Chromic acid 
may, in most cases, be detected by the yellow or red tint 
of Its solution, and also by its solution changing colour 
and yielding a precipitate of sulphur, on the addition of 
sulphuretted hydrogen. We may assure ourselves of the 

i presence of chromic acid by the reaction with solution of 
ead, and solution of silver. (^ 96, b.) 

3. Chloride of barium is added to a portion of the solu- 
tion ; should the latter have an acid reaction, it must first 
be neutralized or rendered feebly alkaline, by the addition 
of ammonia. 

a. The fluid remains clear. (Pass over to 
§ 108, 4.) The absence of sulphuric acid, phospho- 
ric acid, and silicic acid is certain, that of oxalic acid 
and boracic acid, probable. For the barytes com- 
pounds of these two latter acids are kept in solution 
by ammoniacal salts, and borate of barytes does not 
at all precipitate from dilute solutions. 
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b. A PRECIPITATE IS FORMED. Hydrochloric acid 
is added in excess. 

«. The precipitate redissolves. Absence of sul- 
phuric acid. Pass over to 4. 

i8« The precipitate remains and does notdissolv^e 
even in a large proportion of water v sulphxt&ic 

ACID. 

4. Solution of ffypsum is added to a portion of the ori- 
gmal solutioDy wnich, should it have an acid reactkniy 
must first be rendered neutral or feebly alkaline, by the 
addition of ammonia. 

a. No PRECIPITATE IS FORMED : absence of oxalic 
acid and phosphoric acid. Pass over to § 108, 5- 

6. A PRECIPITATE IS FORMED. Acetic aCid IB 

added in excess. 

«. The precipitate is redissolved : phosphoric 
ACID. The reactions with sulphate of magnesia 
and ammonia, with solution of silver, and bef<»re 
the blow-pipe, are selected as conclusive tests. 
(§ 98, a.) 

^. The precipitate remains undissolved^ but 
dissolves readily in hydrochloric acid : oxalic aci]>. 
The reaction with concentrated sulphuric acid is 
selected as a conclusive test (§ 98, c) 

5. A fresh portion of the original solution is acidified 
with nitric acid, and solution of nitrate of silver is then 
added. 

a. The fluid remains clear. This is a certain 
indication of the absence of chlorine and iodine. The 
absence of cyanogen is also probable. For cyanide 
of mercury is not precipitatea by nitrate of silver ; 
and from the detected base we may conclude whether 
we have to look for the presence of this substance or 
not ; for the manner in which, the presence of the 
cyanogen in it is provedi we refer to § 100, d. Pass 
over to § 108, 6. 

6. A precipitate is formed. Ammonia ia added 
in excess. 

«. The precipitate does not dissolve iodine. 

As a conclusive test, we select, the reactioii vrith 

starch. (§ 100, c.) 
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#. TTie precipitate is redissolved. If it redis- 
«olyes readily, we have reason to suppose 
that CHLORINE is present; if it dissolves with 
^difficulty and only on the addition of much ammo- 
nia, we may suppose that cyanogen is present 
We assure ourselves of the presence of chlorine, 
by testing the original solution with protonitrate of 
mercury, and by the behaviour of the silver preci- 
pitate formed when exposed to a high temperature. 
{§ 100, a.) The presence of cyanogen may be 
further proved by adding potash, solution of mag- 
netic oxide of iron and hydrochloric acid to the 
• original solution. (^ 100, d.) 

6. A portion of the solid substance — (or if we have a 
fluid to operate upon, the residue obtained by evaporation), 
—is drenched with some sulphuric acid, alcohol added, and 
then kindled. Boracic acid is present if the flame ap- 
pears green on stirring. 

7. The preliminary examination generally enables us 
to detect nitric acid. (§ 105, A, I, 2, c.; The reactions with 
sulphate of iron and sulphuric acid, or solution of indigo, 
are selected as conclusive proofs. (§ 101, a) 

8. W« refer to § 123 for the detection of chloric acid, 
hydrofluoric acid, cilicic acid, and bromine. 

Compounds which we suppose to contain only one add 

and one base^ ^c. 

A. Substances soluble in water. Detection of 

THE ACID. 

ri. detection of organic acids. 

§ 109. 

1. To a portion of the aqueous solution, ammonia is 
added till a feeble alkaline reaction becomes manifest, and 
then chloride of calcium. If we have to operate upon a 
neutral solution, some muriate of ammonia is added to it, 
previous to the addition of the chloride of calcium. 

a. No PRECIPITATE IS FORKED, NOT EVEN AFTER AOI- 
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TATINO THK SOLUTION, NOR AFTER THE LAPSB OF A FEW 

MINUTES : absence of oxalic acid and tartaric acid. 

Pass over to i 109, 2. 

b, A PRECIPITATE IS FORMED. Lime-water is 

added in excess to a portion of the original solution, 

and the precipitate formed treated wi& solution of 

sal ammoniac. 

•. The precipitate vanishes: tartaric acid. 
The reaction with acetate of potash may be re- 
sorted to for further proof; but the safest test is 
the behaviour of the precipitate produced by chlo- 
ride of calcium, with caustic potash. (§ 102, b.) 
fi. The precipitate does not vanish : oxajujc 

ACID. 

2. The fluid of 1, a, is heated to boiling, kept at the 
boiling point for some time, and some ammonia added 

whilst boiling.) 

a. It remains transparent ; no citric acid. Pass 
over to § 109,^. 

b. It becomes turbid, and deposits a precipi- 
tate : citric acid. 

3. The fluid of 2, a, is mixed with alcohol. 

a. It remains transparent : no malic acid. 
Pass over to § 109, 4. 

6. A precipitate is formed : malic acid. The 
re-action with acetate of lead is selected as a conclu- 
sive test. (§ 102, c.) 

4. A portion of the original solution is rendered perfectly 
neutral — (if it is not already so) — by ammonia or hydro- 
chloric acid, and solution of perchloride of iron added. 

a. A cinnamon-coloured or dirty yellow bul- 
ky precipitate is formed. This precipitate is 
treated with dilute hydrochloric acid. 

«. It dissolves tran^arent ; succinic acid. 

^. It dissolves, with the separation of a white 
precipitate: benzoic acid. We assure ourselves 
of the real presence of this substance, by heating 
the precipitate. It must manifest the properties of 
free benzoic acid. <Vide § l03, 6.) 

b. The liquid assumes an intense red tint, 

AND UPON boiling POR SOME TIME, A LIGHT RED- 
DISH-BROWN precipitate separates: acetic acid or 
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formic acid. A portion of the solid salt under exami- 
nation, or the residue obtained by evaporating the 
liquid-^if the liquid is acid, it must be neutralized 
•with potash, previous to the evaporation) — is heated 
with sulphuric acid and alcohol, (9 104, a.) The cha- 
racteristic odour of acetic ether, indicates the presence 

of ACETIC ACID. 

If we do not detect acetic acid in the fluid, we 
must conclude that the substance imder examination 
contains formic acid: the certain presence of this 
latter substance may be proved by its behaviour with 
nitrate of silver and. protoxide of mercury. (^ 104, 6.) 

Compounds which are supposed to consist of but one add 

ana one base, 

B. Substances insoluble or sparingly soluble in 

WATER, but soluble IN HYDROCHLORIC ACID, NITRIC 
ACID, OR AQUA REOIA. 

Detection of the base.* 
§ 110. 

A portion of the solution in hydrochloric acid, nitric acid, 
or aqua regia, is diluted with water,t and the further 
operations conducted exactly as directed § 107, beginning 
at 1, when the substance is dissolved in nitric acid, and at 
2, when it contains already hydrochloric acid. The follow- 
ing circumstances must be well attended to : we have seen 
that if in cases where we have a substance soluble in 
WATER before us, we obtain in the course of the examina- 
tion, a white precipitate on testing with hydrosulphuret of 
ammonia — (after having neutralized with ammonia the free 
acid either originally cojiliNil^d in or prevJM3ty added to 
the solution under exairffnation) this precipitate can consist 
only either of sulphuret of zinc, or of alumina. But the 
case is different, when the substance is insoluble in 

* Regard has here been had also to several salts, since this coarse 
of examination directly leads to their detection. 

flf, on the addition of the water, the liquid becomes turbid or is 
precipitated, it indicates the presence of antimony, bismuth, or tin. 
(Compaxe } 105, B 4) 
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WATER, but dissolved by hydrochloric acid ; for in that case 
the white precipitate produced by hydrosulphuret of ammo- 
nia, with the presence of sal ammoniac, may also consist 
of a phosphate of the alkaline earths as well as of oxalate of 
lime, (barytes and strontian.) If, therefore, we obtain a 
white precipitate when testing an acid solution, under the 
circumstances stated, and as directed § 107, at 3 fi. cc, the 
following method must be employed. Caustic potash in 
excess is added to a small portion of the original hydrochlo- 
ric solution. 

1. The precipitate at first formed, redissolves in 
EXCESS OP THE PRECIPITANT ; abseucc of the salts of the al- 
kaline earths ; presence of zinc or of alumina : to distinguish 
these from each other, the solution with potass is tested 
with sulphuretted hydrogen and mnriate of ammonia. (Vide 
supra § 107, 3 i. /S cc) Alumina may ha«'e?i)een present 
and precipitated as phosphate of alumina. This is ascer- 
tained by dissolving the precipitate in hydrochloric acid, 
adding tartaric acid, supersaturating with ammonia and 
mixing with sulphate of magnesia. If phosphoric acid is 
present, a precipitate of basic phosphate of ammonia and 
magnesia is formed. 

2. The precipitate formed does not redissolve in 
AN excess of the PRECIPITANT. Prescuce of a phosphate 
or oxalate with an alkaline earth for its base. In this case 
a portion of the original substance is heated to redness, in 
order to ascertain whether we have an oxalate or a phos- 
phate before us. If the substance is converted by this pro- 
cess into a carbonate — (sligntly blackening or not at all) — 
which is easily detected by the heated mass effervescing 
when treated with acids, whilst previous to the heating it 
did not pFesent this propert y, we may conclude that the 
salt is an feALA^ta-; if, on-lH#1l^rary, no alteration takes 
place, on the application of a re4 heat, we have a phos- 
phate before us. 

a. This preliminary examination denoted the 

PRESENCE of A PHOSPHATE. 

A certain, not too inconsiderable quantity, of perchlo- 
ride of iron is added to a portion of the hydrochloric 
solution, which is then brought to alkaline reaction by 
the addition of ammonia, and the liquid filtered, dj 
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from the bulky precipitate formed, which should pre- 
sent a reddish-brown tint. In this operation the phos- 
phoric acid is separated from its base, and, combined 
wth peroxide of iron, precipitated together with free 
hydrate peronde of iron, whilst the alkaline earth base 
is <:ontained in the filtered liquid as a chloride. The 
further process of the detection of this base is conduct- 
ed as directed § 107, 4. 

In order to determine the presence of the phospho- 
ric acid also, the iron precipitate is rinsed, and di- 
gested with hydrosulphuret of ammonia. We obtain 
in this process sulphuret of iron and phosphate of am- 
monia. These are separated from each other by fil- 
tration, and sal ammoniac and sulphate of magnesia is 
then added to the filtered liquid; the precipitate 
which forms, of basic phosphate of ammonia and 
magnesia, is a safe indication of tlie presence of phos- 
phoric acid. In more minute examinations, the ex- 
cess present of hydrosulphuret of ammonia is first de- 
composed by the addition of hydrochloric acid, the so- 
lution heated to boiling, and the precipitated sulphup fil- 
tered off j^ the filtered solutions, if needed, concentrated 
by evaiiordu^n, supersaturated with ammonia, and 
sdpHdffiioCja^a§|Ces^ then added. 

b. The preliminary examination indicated the 

PRESENCE OF AN OXALATE. 

Two methods may be pursued, with certainty, to 
determine the base and the acid. 

1. A portion of the compound is heated to red- 
ness, the residue dissolved in hydrochloric acid, 
and the alkaline earth which forms the base, de- 
tected in the usual manner in this solution. Of the 
presence of the oxalic acid, we assure ourselves by 
testing another portion of the substance with con- 
centrated sulphuric acid. (§ 98, c.) 

2. A portion of the compound is boiled for some 
time in a concentrated solution of carbonate of pot* 
ash, and the fluid filtered from the residue. In 
this manner we obtain in the residue the alkaline 
earth which forms the base of the substance under 
examination, combfiied with carbomc acid^ whilst 

9 
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we hwft the oxalic acid combiaed with potash in 
the filtered solution;: lo assure ourselves of the 
real presence of this acid, the solution is fisst acid^-' 
ified with acetic acidy and then treated with solution 
of gypsum, (i 98, €,), The residue is rinsed and 
dissolved sn hydrochloric acid^ and the solution 
treated as directed i 107, 4. 

Comptmnds which are supposed tp €omist ef bmt sne mcid 

and one base^ ^, 

B. SUSSTAIICXV INSO&WSLH OR SPAR1N0LT •^LUBLB KS 
WATSR, BITT 80LVSLR IN »y]»»O«IU.0AI« ▲«!»» NSTRIC ACIBV 
OR IQUA REOU. 

PETBCTION OF THB ACIIH 

I. Deteotwn ofinargamc acids^ 
§ 111. 

1 . CKLomic ACID cannot be presentf for all chlorates sic 
soluble in water ; the nitrates also, with the exception ^ a 
few, being soluble in water, we may gp nesaH y dinregarcl 
the presence of nitric acid. The basicjA|te of bismuth 
forms the ssost frequently occumttg]ij/^<^llfK^b*Ae gene- 
ral rule of solubility of the lulrates iti water. The presence 
of nitric acid in such insoluble compounds may be imme- 
diately detected by deflagration taking place when the 
substance under examination is thrown upon red-hot char- 
coal. The deflagration which ensues on fusing a nitrate 
together with cyanide of potassium, is a safer test of the 
presence of nitric acid. (Vide § 101, a.) For the 
CYANIDES insoluble in water, we refer to § 128» 

2. The detection of arseniovs and arsenic acid, car- 
bonic ACID, htdrosulphuric ACID, and GBROMic ACID, has 
already been pointed out, when treating of the detection of 
bases ; as the best tests and indications of the presence 
of chromic acid, we have pointed out the yellow or red 
colo%. of &e compound, the evolution of chlorine, upon a 
chromate being boiled with hydrochloric acid, and the 
subsequent detection of chromic oxide in the solution. But 
the safest method, ao4 that wBich was appUcahle in al} 
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cases, is to fuse the substance supposed to contain chromic 
fl 96 *J*l ''"'' '°^^ carbonate of soda and nitre. 

v.*?"/ Pt"^?"- °^ ^® substance under examination is 
boded with mtric acid. ~«x»u«i.mu« i. 

a. If nitric oxide gas is evolved, which is easily 
detected by the red fumes of nitrous acid, formed on 
coming m contact with the air, it indicates the nre- 
sence of a solphurbt ; if carbonic acid is evolved, 
that of a CAKBONATE, Of the presence of a sulphuret 
we may easily assure ourselves, by testing the nitric 
solution with chloride of barium; it should yield with 
this reagent a precipitate of sulphate of barytes, which 
must renaam undissolved even in a large quantitv of 
water. Sulphurets may as safely be detected bv their 
behaviour before the blow-pipe. (Vide § 100 c ) 

b. If violet vapours escape, the compound may be 
supnosed to be an iodide. A slip of paper, covered 
with starch, forms the best conclusive test of the 
presence of iodine. (§ 100, c) 

4. Nitrate of silver is added to a portion of the nitric 
solution, (this soluuon must previously be filtered, if noon 
creating the substance with nitric acid any insoluble resiSue 
has remamed.] If a white precipitate is formed soluble in 
anamonia, and fusing without decomposition when heated. 
It indicates the presence of chlorine. 

5. A portion of the substance is boUed with hydrochloric 
acid, filtered, if needed, and nitrate of barytes added The 
formation of a white precipitate, which does not disappear, 
even on the addition of a large proportion of water, mdi- . 
cates the presence of sulphuric acid. 

6. For BORAcic ACID, test as stated supra, § 108. 

7. If-nrae of all these acids is present, we have reason 
to suppose the presence of either phosphoric acid or 
oxAtic ACID, or the absence of all acids. If the phosphoric 
acid had been combined with an alkaline earth, and the 
oxalic acid with bme, (barytes, or strontian,) either of jhem 
would have abready been detected when testing for^lhese 
bases. (§110.) We may therefore disregard the presence 
ot these two acids, except when other bases than those 
enumerated are present. In the letter case the fluid i« 
prepared for further examination by precipitating and 8epa< 
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ratinff the heavy metals from it— (this is effected in acid 
solutions by means of sulphuretted hydrogen, and in alka* 
line solutions by hydrosulphuret of ammonia) — and is then 
tested for phosphoric acid or oxalic acid, as directed § 108, 4. 
8. For the detection of silicic acid, brominb, and 
nvoRiNE, vide § 123, at the end. 

Compounds which are supposed to *consistofhut one base 

and one acid, ^c. 

B. Substances inaoluble or sparingly solvblb in water* 

BUT SOLUBLE IN HTDROCHLORIG ACID, N|TRIC ACU>, OR 
AQUA REOIA* 

DETECTION OF THE ACID. 

II. Detection of organic acids. 

§112. 

1. A portion of the substance under examination is dis- 
solved in the smallest possible quantity of hydrochloric 
acid. If a residue remains, this must be tested for ben- 
zoic ACID by heating. Carbonate of potash in excess is 
then added to the hydrochloric solution, and the latter 
boiled for some time and filtered. The alkaline filtrate 
contains the organic acid, under till circumstances. This 
filtered solution is therefore exactly saturated with hydro- 
chloric acid, and the fluid tested, as directed § 109. No 
regard need be had to formic acid, all the formiates being 
soluble in water. 

2. Acetic acid is most readily detected in such com- 
pounds by means of sulphuric acid and alcohol. (§ 104, a.) 

Compounds which are supposed to consist of but one add 

and one base, ^c 

C. SdBSTANCES insoluble or sparingly soluble in WATER, 
HYDROCHLORIC ACID, NITRIC ACID, AND AQUA RBGIA. 

DETECTION OF THE BASE AND THE ACID. 

§ 113. 

Under this head we propose to consider sulphate or 

BARYTES, SULPHATg Qf 8TR0NTIAN, SULPHATE OF WMBi 
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8II.ICA, fiULPHATB OF LEAD, CHLORIDE OF LEAD, and CHLO- 
RIDE OF SILVER, as the most frequently occurring com- 
pounds belonging to this class. For the less frequently 
occurring compounds of this kind, we refer to § 127. 

Sulphate of lime and chloride of lead are not altogether 
insoluble in water, and sulphate of lead may be dissolved 
in hydrochloric acid. As mese compounds are* however, 
so sparingly soluble that we seldom can effect their com- 
plete solution, we mention them hete once more, in order 
that they may be detected by the method laid down in 
this section, should they have escaped detection in the 
examination of their aqueous or acid solutions. 

1. A very minute quantity of tlie a^stance under exam- 
ination is treated with hydrosulphurerof ammonia. 

a. It BECOMES black ; this indicates the presence 

of a SALT OF LEAD Or CHLORIDE OF SILVER. A SOme- 

what larger portion of the substance is then digested 
for some time with hydrosulphuret of ammonia. In 
this process the metallic salt becomes decomposed* 
and a sulphuret is formed, which remains undissolvedi 
whilst we have in solution the acid of the metallic 
salt combined with the ammonia of the hydrosul- 
phuret of ammonia. The solution is then filtered, the 
undissolved sulphuret washed and dissolved in nitric 
acid, and this nitric solution tested, with sulphuric 
acid, for lead ; and with hydrochloric acid, and sub- 
sequent addition of ammonia, for silver. One portion 
of the filtered liquid is tested for sulphuric acid, with 
chloride of barium, after having previously decom- 
posed the excess of the hydrosulpnuret of ammonia, 
by the addition of hydrochloric acid and boiling up ; 
another portion is tested for hydrochloric acid, with 
solution of silver ; after having previously acidified 
the liquid with nitric acid, and then boiled it. 

h. It becomes white. Absence of a heavy me- 
tallic oxide. A small portion of the substance under 
examination is reduced to a very fine powder, and 
then mixed with four times its quantity of carbonate 
of soda and potash, put into a small platinum crucible, 
and fused over a Berzelius spirit-lamp. The fused 
mass is boiled with water. 
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*. ^Complete solution takes place : silica. We 
assure ourselves of the presence of this substance 
by supersaturating the solution with hydrochloric 
acid, and evaporating to dryness. In this operation, 
silicic acid is converted from its soluble into its 
insoluble modification. It remains, therefore, un- 
dissolved on treating the residue with water. When 
mixed with carbonate of soda, and exposed to a 
Btronff blow-pipe flame, a transparent glass is pro- 
duced. (§99,6) 

/I. A white residue remains ; this indicates one 

of the SULPHATES OF THE ALKALINE EARTHS. The 

solution is fib|red, and the filtered liquid acidified 
widi hyiirocmoric acid, and then tested for svlphv* 
Ric Aciii, with chloride of barium. The white 
residue (which contains the alkaline earth as a 
carbonate) is carefully washed, dissolved in a small 
quantity of dilute sulphuric acid, and the solution 
tested for barttes, strontian, or lime, as directed 
§ 107, 4. 

Compounds in tohich all the more frequently occurring 
BaseSj Acids, Metals, and Metalloids^ are supposed to 
be present. 

A. Substances both solublb and insoluble in water, 

AND SOLUBLE IN HYDROCHLORIC ACID OR NITRIC ACID.- 

Detection of the bases* 
§114. 

In this scheme for the testing of the bases we have 
united the compoimds belonging to classes I. and II., 
(vide § 1 06,) since the method of detection is in most cases 
the same for both classes. Those parts which refer only 
to substances insoluble in water, ana soluble in hydrochlo- 
ric acid and nitric acid, are enclosed between inverted 



* The aneniouB and arsenic acid, and ■everal salts, have here been 
had regard to, siiice we are, in this course of examination, led to their 
detection. 



tlTmSTANCES SOLtTBLB IK ACIDS. Si 1 

eominas, (" ^"), and may, Aerefoce, be passed over 

tmnoticedi wheat exanainrng substances soluble in water. 

L The solution is aqusous, 

A. small qiAantity of hydrochloric acid is added. 

!• Th« solution hab an agio oa, neutral ksaction 

P&4SV40US TO THE ADDITfON O? THG HYDKOCHLORIC ACIB* 

«. No PRECipiTATs IS FORMED '. this indicates the 
absence of silver and protoxide of mercury. Pass 
over to § 115. 

'b. A PtREciPiTATE IS FORMED; hydrochloric acid 
is added to the solution drop by drop, as long as the 
quantity of the precipitate increases. This precipi- 
tate may ^^onsist of chloride of silver, protochloride of 
mercury, chloride of lead, or a basic sali of antimony, 
or, possibly, also of benzoic acid. The fluid is agi- 
tated, and a portion of it, together with the therein 
suspended particles ^f the precipitate, mixed with a 
large quantity of water, and heated to boiling. If 
compounds of antimony, bismuth, or tin are present, 
the oilution with water may render the Uquid turbid, 
which phenomeiioA is usually distinctly perceived, 
notwithstanding the precipitate which the fluid already 
contained previous to the addition of the water. In 
•order to judge with certainty, whether the precipitate 
produced by hydrochloric acid redissolves in the wa- 
ter on boiling or not, and, therefore, whether the 
further operation is to be conducted according to « or 
fS, hydrochloric acid is added to the dilute solution^- 
(previous to heating) — ^till the milkiness has com- 
pletely vanished. 

« The precipitate vanisJtes ; this indicates the ab- 
sence of silver and protoxide of mercury. The ori- 
ginal solution, together with the precipitate produced 
in it Ijy bydrocmoric acid is heated to boiling and 
Altered hot. Should the precipitate not completely 
redissolve, the residue is once more boiled with water, 
and the solution filtered hot into the first filtrate. 
The filtered solution is treated as directed § 1V5* 
IShould it have deposited a precipitate, or small crys- 
tals (cMoride of lead) liave lormed on cooling, it must 



1 
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be previously heated, till it appears transparent again, 

/8. TAc precipitate does not vanish^ at least not 

- completely ; this indicates the presence of silver or 

PROTOXIDE OF MERCURY. 

The original solution (with the hydrochloric acid) is 
treated as directed § 114, I. 1, b, « The residuary inso- 
luble precipitate is washed and tested as follows : it is, if 
possible, removed from the filter and treated with ammo- 
nia) in a small tube. If it dissolves in this substance, it 
consists exclusively of silver ; if it becomes black, prot- 
oxide OF MERCURY is present. In this case, or whetiever 
a residue insoluble in ammonia remains, this must be fil- 
tered off, and nitric acid in excess added to the filtered 
liquid ; the formation of a white^ curdy precipitate indi- 
cates SILVER. 
2. The aqueous solution had an alkaline reaction. 
a. no evolution of gas takes place and no pre* 
cipitatb is formed, on the addition of hydrochlo- 
ric acid, or, a precipitate is at first formed, but 
redi880lves on the further addition of hydro- 
CHLORIC acid; pass over to § 115. For all that 
relates to substances belonging to the second class — 
(i. e. those insoluble in water, and soluble in hydro- 
chloric acid or nitric acid)— enclosed between in- 
verted commas, look to the passages upon phosphate 
of alumina, but, if an ammoniacal salt is present, 
also to those upon the oxalates of the alkaline earths, 
since the solution of these compounds in a fluid with 
alkaline reaction is not impossible. 

6. A PRECIPITATE IS FORMED, ON THE ADDITION OF 
HYDROCHLORIC ACID, WHICH DOES NOT REDI8S0LVE IN 
AN EXCESS OF THE PRECIPITANT. 

«, The precipitate is formed without simulta- 
neous evolution of sulphuretted hydrogen gas. A 
portion of the fluid with the precipitate suspended 
therein, is diluted with a large proportion of wat^r, 
and heated. The solution of the precipitate is 
indicative of lead, or possibly also oi benzoic acid. 
The original solution is then heated to boiling, toge- 
ther with the precipitate produced by hydrochloric 
acid, filtered hot, and the residue (if any remain) 
boiled with water and filtered hot into ie hydro- 
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chloric solution. The filtrate is treated according 
to § 115; should it become turbid on cooling, it 
must b^ heated again previous to being further 
tested. If the precipitate does not redissolve on 
heating the fluid diluted with water, but is dis- 
solved by ammonia, silver is present. The ori- 
g'nal solution is treated in the same manner as if 
e precipitate had been redissolved. 
/3. The precipitate is formed with simultaneous 
evolutions of sulphuretted hydrogen gas* 

aa. The precipitate is of a pure white colour, 
and consists of sulphur. In this case an alka* 
line bisulphuret is present. Filter the solution 
and pass over to k 118, bearing in mind that of 
the substances considered i 118, oxide of chro- 
mium and alumina alone can be present. 

bb. The precipitate is coloured. In this case 
we must suppose that a metallic sulphur salt is 
present, i. e. a combination of an alk^ine sul- 
phur base with an electro-negative sulphuret* 
The solution is heated to boiling and filtered ; 
the filtrate is further tested as stated under aa. 
The precipitate is treated as §116 directs; it 
may consist of sulphuret of gold, bulphurbt 
OF platinum, sulphuret of tin, sulphuret of 
arsenic, or sulphuret of antimony. 
c. No lasting precipitate is formed, on the 
addition of hydrochloric acid, but evolvtion of 
oas takes place. 

». The escaping gas has the odour of sulphuret- 
ted hydrogen; this indicates a simple alkaline 
sulphur compound. The further "operations are 
conducted as directed aa, 

fi. The escaping gas emits no odour; in this 
case it is carbonic acid which was combined with 
an alkali. Pass over to § 115, bearinff in mind, 
that mercury, bismuth, insoluble salts of magnesia, 
and (if the reaction is strongly alkaline) barvtes, 
strontian, and lime cannot be present, or. at least 
only under very peculiar circumstances, (e. g. 
mercury as a cyanide.) 
9* 
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IL Tax SOLUTION is htorochloric. 

It is treated as § 1 15 directs. 

III. The solution is nitric. 

A small portion of it is diluted with much water. 

1. It rbmains transparent ; add hydrochloric acid. 

a. No precipitate is formed. Absence of silver. 
The original solution is treated according to § 1 15. 

6. A precipitate is formed. If it does not redis- 
solve on heating the fluid, but is dissolved by ammo- 
tiia, after washino;, silver' is present The original 
Bolutioii is treated as Mated §H.$. 

2. Thb solution becomes turbid a^d milky: bismuth 
or ANTIMONY. The fluid is filtered, and the filtrate tested 
for silvear according to il 14, IIL 1 ; the original solution 
is tested as $ 1 15 directs. 

§ 115. 

Solution of sulphuretted hydrogen is added to a smaix 
Portion of the transparent acid solution, till the fluid, after 
agitation, and application of heat, emits a^ clearly percep- 
tible odour of sulphuretted hydrogen. 

a. No PRECIPITATE IS FORMED, not ovcu after the 
lapse of some time. Pass over to § 118, for neither 
lead, bismuth, cadmium, copper, mercury, gold, pla- 
tinum, antimony, tin, nor arsenic,* are present ; the 
absence of peroxide of iron and of chromic acid is 
also indicated by this negative reaction. 

5. A PRECIPITATE IS FORMED. 

aa. Itisofa pure white colour, thin* in the form 
of a fine powder, and does not vanish on the addi- 
tion of hydrochloric acid. It consists of sulphur, 
and indicates peroxide of iron.! None of the 



** To MMtre ooraelTeM of the eertain abwnee of aneirie acid, we must 
aHoW tiMbiest eolation to irtand lor aome time, or add aalphnrous acid, 
previous to the addition of the solphoretted hydrogen. (^Compare § 93, €.) 

t Sulphur IB also precipitated in presence of sulphurous acid, iodic acidt 
bromic acid, — ^which substances we do not treat of in the pteeesit worki — 
and also when chromic acid, chloric acid, or free chlorine are present. 
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^her metals, enumerated at § 115, a, can be pre** 
«eat. Tke original solttti«a is treated as § 118 
directs. 

bb* The fredfitate is coloured, 

Solutioni of sulphuretted hydrogen is added to 
the larger portion of the acid or acidified solution, 
till the latter has acquired the distinct xxlour of 
sulphuretted hydrogen, and the precipitate no longer 
increases on the continued addition of the reagent ; 
the solution is then heated to boiUng, and strongly- 
agitated for some time. 

In many^cases, and especially when there is any 
reason to suppose arsenic to be present, it is better 
to transmit sulphuretted hydrogen gas thrcnagh the 
solution. 

1. The precipitate is of a pure yellow colour. 
In tlus case it can consist only of arseniovs or arsenic 

AGIO, of PEROXIDE OF TIN, Or of OXIDE OF CADMIUM. The 

fluid — (which is then further to be tested according to 
J 118} — ^is separated from the precipitate/ and the latter 
washed and drenched with ammonia. 

a. The precipitate is completely redissolved : ab- 
sence of cadmium. Acetic acid is added slightly in 
excess to the solution, and the precipitate formed is 
tested for tin and arsenic, as § 116, 1, directs. 

b. A yellow residue remains, even after a further 
addition of ammonia and the application of a mo- 
derate heat: cadmium. The sdution is filtered, 
and acetic acid, slightly in excess, added to the fibrate. 
If no precipitate is formed, the first precipitate con- 
sisted exclusively of sulphuret of cadmium ; but if a 
precipitate is formed, it denotes the presence of pe- 
roxide OF tin, or ARSENIC ; this precipitate is tested 
as directed § 116, 1. 

2. The precipitate is orange-red, or yjblllow, 

WITH ▲ «HADE OF ORANGE-COLOUR. It indicates ANTI- 
MONY, but may, morover, contain tin — (should it have 

* The best method of separating a precipkato fxoofi a iluidt is to 
iSlow the precipitate to settle — (this is faeilttsted by heating %iA 
agiutiiig)— the fluid naj then be decanted ami Ifais pree^ttal* 
washed. 
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been present as a peroxide)— arsenic or cadmittm ; the 
precipitate is separated from the fluid — (which is tested 
as § 118 directs) — washed, and a small portion of it di- 
gested with hydrosulphuret of ammonia, which contains 
sulphur in excess. 

a. It redissolves completely : absence of cadmium. 
The rest of the precipitate is treated as directed § 
116,2. 

6. A yellow residue remains^ even after a more 
protracted digestion^ with a larger quantity of hydro- 
sulphuret of ammonia : cadmium* The entire pre- 
cipitate is then treated in the same manner as the 
specimen, the fluid filtered off from the sulphuret of 
oidmium, and acetic acid in a slight excess added to 
the filtrate ; the precipitate formed is treated, as § 1 16, 
2, directs. 
3. The precipitate is of a dark brown or black 
COLOUR. The precipitate is separated from the fluid — 
(which is then tested as § 118 directs) — washed with 
water, drenched and digested for some time, with hydro- 
sulphuret of ammonia, containing sulphur in excess.'*' 

a. The precipitate is completely redissolved in 
hydrosulphuret of ammonia^ or in sulphuret (f po- 
tassium ; absence of cadmium, lead, bismuth, copper, 
and mercury: § 117 may, therefore, be passed over 
unnoticed. The solution is diluted, and acetic acid 
added, till an acid reaction becomes manifest ; it is 
then heated to boiling, and the precipitate formed, 
treated as § 116 directs. 

fe. It does not dissolve, or at least not completely. 
The fluid is filtered off from the precipitate, and the 
latter is washed, (in case § 1 15, 3 6 «,) or (in case fi) 
once more digested with hydrosulphuret of ammonia, 
filtered into the first solution, and then washed. The 
residue is reserved for further examination, as di- 
rected § 117. A small portion of the filtrate contain- 



* If fhe flolatiob contains copper, which maj generally be detected Ky 
its colour, but with certainty by testing with a clean iron rod, (ride ^ 91, 
h, 6,) solution of sulphuret of potassium muft be substituted for hydrosiili 
phuzet of ammonia, and the sulphur precipitate be boiled in it, (u e. in the 
sulphuret of potassium,) vide ^ 91, 5, S. 
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ing hydrosulphuret of ammonia is diluted with from 
three to four parts of water, acetic acid added, till an 
acid reaction becomes manifest, and the liquid heated 
to boiling. 

«. The fluid simply becomes milky^ owing to the 
separation of sulphur. Absence of gold, platinum, 
tin, antimony, ana arsenic. Pass over to § 117. 

/». A coloured precipitate is formed. The colour 
of the precipitate is minutely inspected ; the entire 
solution containing the hydrosulphuret of ammonia is 
then slightly diluted, aeetic acid added, till an acid 
reaction becomes manifest, and the fluid heated to 
boiling. 

§ 116. 

The precipitate which acetic acid has produced in the 
solution containing hydrosulphuret of ammonia or sul- 
phuret of potassium, is 

1. Of A PURE YELLOW COLOTTR, WITHOUT THE "SLIOHT- 

EST SHADE OP ORANGE : ARSENIC or TIN. The solution is 
filtered off from the precipitate, the latter well washed, and 
together with the filter placed between some sheets of 
blotting-paper ; when the paper has imbibed the greater 

!)art of Ine water, the still moist precipitate is removed 
rom the filter, and mixed in a small porcelain crucible 
with about half its amount of pure anhydrous carbonate of 
soda, and one and a-half its amount of pure nitre; the 
mass is then gently heated, and stirred, till it has be- 
come completely dry, when a stronger heat is appUed — 
(beginning at the edge of the crucible J — till the entire mass 
fuses* and every particle of the sulphuret is decomposed. 
(If after drying the mass a very high degree of heat is 
suddenly applied and allowed to act upon trie whole cruci- 
ble at once, slight explosions take place, whereby more or 
less of the mass is thrown out of the crucible.) 

a.. TTie melting mass is transparent. Absence of 
tin. The mass, after cooling, is boiled with water, 
the solution divided into two portions, and very dilute 
nitric acid very cautiously added to the one, till a 
feebly acid reaction becomes manifest ; heat is then 
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appliecL (If there is really no tin present, no white 
puiTerulent residue must remain, on boiling the de- 
flagrated mass with Mrater, neither must any precipi- 
tate be formed, on acidulating the solution witti nitric 
acid, not even after standing at rest for some time.) 
Nitrate of silver is added to the acidified solution, after 
cooling, and the fluid filtered ; if any traces of chloride 
of silver should still separate, which is frequently the 
case if the reagents are not ab«olutely pure, or the pre- 
cipitate not completely washed. The filtrate is men 
slowly and cautiously covered in a test-tube with very- 
dilute ammonia — (one part of anamonia to twenty parts 
of water — and allowed to stand for some time, without 
' agitatinff. The formation of a reddish brown precipi- 
tate, which appears like a cloud between the two 
layers (of the test specimen and the dilute ammonia,) 
indicates arsenic ; (this preci]>itate is more clearly 
seen, on the light falling upon than through it.) As 
a further proof, the second portion of the solution of 
the deflagrated mass is precipitated by solution of 
neutral acetate of lead, the precipitate filtered c^, 
dried between some sheets of blotting-paper, and 
then, on charcoal, exposed to the reducing flame c^ 
the blow-pipe. If arsenic is really present, a grain 
of metallic lead containing arsenic will be obtained, 
which emits the garlic odour of arsenic very long and 
continuously; as often as it is exposed to the reducing 
hlow-pipe flame. For further confirmation, the arsenic 
must be obtained in its metallic state. (Compare § 94, 
d and (e.) Whether the arsenic was present in the 
compound under examination as arsenic acid, or as 
arsenious acid, may be ascertained according to th^ 
method described at the end of § 94. 

6. Sn&e melting mass is milky and turbid. This 
is a probable indication of the presence of tin. The 
mass is digested with cold water, and rubbed with it 
in a mortar ; the solution is then filtered, and the pre- 
cipitate which remains, if tin is really present, very 
carefully washed, and then tested for tin, by reducing 
it before the blow-pipe mixed with cyanide of potas- 
sium and carbonate of soda, and strongly rubbing the 
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specimen in a mortar, with the addition of water; vide 
§ 94, b. The liquid filtered off from this precipitate 
is divided into two portions and tested for arsenic as 
§ 116, 1, a, directs. A slight precipitate generallv 
separates chi acidifying the solution with nitric acid. 
This may be filtered off and tested for tin in the same 
manner as the undissolved residue, (vide supra.) But 
if the tin has already been detected, this precipitate 
may be left in the solution, nitrate of silver added, 
filtered, and the fluid tested fc^ arsenic acid, as directed 
above. Whether the tin was present as protoxide, is 
ascertained, by mixing a portion of the original solu- 
tion in water or hydrochloric acid, with a drop of nitric 
acid and some cUoride of gold. (§ 94, 6, o.) 
2. Orange-red, or yellow, with a shade of or- 
ange; antimony; and besides tin and arsenic may be 
present The precipitate is washed and fused with nitre 
and carbonate of soda, in short, tested for arsenic and prot- 
oxide of tin, exactly as § 116, 1, &, directs. The residue 
remaining on treating the deflagrated mass with cold 
water, as well as the precipitate which may perchance he 
formed on acidifying the solution with nitric acid, may be 
tested in three different ways. 

a. The residue (or precipitate) is most carefully 
washed, mixed with cyanide of potassium and carbon- 
ate of soda, and exposed on charcoal, to the reducing 
flame of the blow-pipe. 

«k Metallic globules appear, which at last com- 
pletely volatilize, with the emission of white fumes 
and the formation of a white crust. This is con- 
firmatory of the presence of antimony, and of the 
absence of tin. 

/3. White metallic globules remain, after long 
blowing : tin- Their presence and nature may 
best be ascertained by rubbing the particles of the 
charcoal surrounding the test-specimen, together 
with the latter, in a mortar with some water. 
(§ 94, b.) 

b. The residue (or precipitate) is very carefully 
washed with water, dried, and fused for some time in 
a small porcelain crucible, togeth^ with from four to 
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five times its amount of cyanide of potassium. The 
mass, after cooling, is drenched with water heated to 
boiling, and thus the dross is separated from the metal- 
lic globules. These are treated with nitric acid, and 
the operation for the detection of tin and antimony 
conducted exactly as § 106 B, 2, 6, directs. 

c. The residue (or precipitate) is well washed, dis- 
solved in hydrochloric acid, the solution diluted, and a 
small zinc rod placed into it. When the action of the 
latter has ceased, and the reduction is complete, the 
reduced metals (which can be easily separated from 
the compact piece of zinc,) are boiled with nitric acid, 
and the operation is carried on exactly as § 106 B, 2, 
by directs. 

The two latter methods of distinguishing tin and 
antimony from each other, when together in the same 
substance, are for beginners at least, far safer than 
the first. 
3. Brownish-black; gold or platinum ; besides, per- 
haps, also ANTIMONY, ARSENIC, TIN. Add to the original 
solution of the substance. 

a. Protochloride of tin ; the formation of a reddish- 
brown or purple red precipitate denotes gold. We 
assure ourselves of the presence of this metal by test- 
ing the original solution with protosulphate of iron, 
whereby metallic gold is precipitated as a black pow- 
der. 

b. Muriate of ammonia ; the formation of a yellow 
precipitate is indicative of the presence of platinum. 
The solution, if highly dilute, should be concentrated 
by evaporation, previous to adding this reagent. 

A portion of the precipitate is tested for arsenic, as 
directed § 116, 1. The rest is boiled with hydrochlo- 
ric acid and filtered off; the filtrate is tested for anti- 
mony by dropping one drop of it into water; (after 
having previously removed, as much as possible, the 
excess of acid by evaporation ; if the water becomes 
turbid and milky, antimony is present. Or a small 
pOTtion of the filtrate is mixed with solution of sulphu- 
retted hydrogen ; the formation of an orange-coloured 
precipitate indicates antimony. The rest of the hy- 
drocluoric solution is evaporated to dryness, mixed 



DETECTION OF THE BASES. 221 

with carbonate of soda and cyanide of potassium, and 
tested for peroxide of tin, as § 1 16, 2, directs. Anti- 
mony and tin may, however, more safely be detected 
by precipitating them from the hydrochloric filtrate, 
by means of zinc ; in fact, by treating exactly as § 11 6, 
2, c, directs. 

§117. 

The precipitate which has not been dissolved by hydro- 
sulphuret of ammonia, is washed, and then boiled with 
nitric acid. This may best be done in a small porcelain 
basin, constantly stirring with a glass rod. 

1. The PRECIPITATE DISSOLVES, AND NOTHING REMAINS 
Pl,OATING IN THE FLUID EXCEPT THE SEPARATED LIGHT, 

Fi-occuLENT YELLOW SULPHUR J this indicates the absence 
of mercury. Cadmium, copper, lead, and bismuth, may 
be present. If the precipitate was of a pure yellow colour, 
it consisted of cadmium alone ; if it was brown or black, 
it must be filtered oflF from the separated sulphur, and the 
filtrate tested as follows. 

a. Ammonia in excess is added to one portion of 
the filtrate. 

«. No precipitate is formed, or the precipitate 
formed at first, redissolves completely in an excess 
of il}e precipitant. Absence of lead and bismuth* 
The solution is treated as § 117, 1, 6, directs, bear- 
ing in mind § 117, 1, a, y. 

/3. A lasting precipitate is formed : lead or 
bismuth. The liquid is filtered off, and the filtrate 
treated according to §117, 1, 6, bearing in mind 
§ 117, 1, a, y. 

y. The fluid is blue-coloured; no matter whether 
a precipitate is formed or not ; copper. 
6. Hydrochloric acid is added to the ammoniacal 
solution till a slightly acid reaction becomes manifest ; 
carbonate of am^lonia is then added in excess. 

*. The fluid remains clear ,' absence of cad- 
mium. 

/8. A white precipitate is formed immediately, 
or after applying heat to the solution : cadmium. 
We assure ourselves of the presence of this sub- 
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tftance by filtering the fluid off from the precipitate, 

washing the latter, dissolving it in hydrochloric 
acid, and adding solution of sulphuretted hydro- 
gen. A yellow precipitate must appear, if cad- 
mium is present 

Should copper not yet have been indicated by a 
blue colouring of the ammoniacal solution, the fluid 
in which carbonate of ammonia has produced no pre- 
cipitate, (§ 117, 1, 6, «,) or the filtrate of § 117, 1, 6, /3, 
must be further and more minutely examined, by 
slightly acidifying the one or the other with acetic 
acid, and adding ferrocyanide of potassium. If cop- 
per is present, a brownish-red precipitate or tint w^ill 
be produced. 

c. In the case of § U7, 1, a, /S, a not too incon- 
siderable quantity of sulphuric acid is added to a 
second portion of the solution of the sulphurets in 
nitric acid : the formation of a precipitate is indica- 
tive of the presence of lead. This reaction may 
be rendered more obvious and distinct by expelling 
the greater part of the free nitric acid by evaporation. 

d. The rest of the solution (in the case of § 117, 
1, a, fif). is evaporated to dryness, a few drops of 
water*added, and, in proportion to the quantity, one 
or two drops of hydrochloric acid, and the fluid 
heated. The solution is then poured into a test-tube 
containing water ; if the water becomes turbid and 
milky, bismuth is present.* 

2. The precipitate op the sulphurets does not 
completely redissolve in the boiling nitric acid, 
and a precipitate remains, besides the light flog* 
cuLENT SULPHUR. This indicates peroxide of mer- 
cury, with a certain de^ee of probability, (and almost 
with certainty, if the precipitate is heavy and black.) The 
precipitate is allowed to settle, and the fluid filtered off 
from it ; this filtrate must be tested for cadmium, copper, 
LEAD, and BISMUTH, by mixins a small portion of it with a 
large volume of solution of sulphuretted hydrogen, and if a 

■ ■ ■■ 4 ' " ■ 

We refer to chapter II. f additions and remarks to { 117) for another 
method of distinguiahing cadmium, copper, lead, and bismuth, firom each 
other 
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frecipitate is formed, treating the rest of the filtrate as 
117, 1, directs- The residuary precipitate is washed, 
dissolved by the addition of a few drops of aqua regia, 
ammonia added, till the solution retains only a feeble acid 
reaction, and a drop of it placed upon a clean copper plate. 
If MERCTTRY is really present, a white stain will appear 
after some time upoa the copper surface, which presents 
a metallic lustre when rubbed, and disappears on heating. 
Or the solution in aqua regia is, with addition of hydro- 
chloric acid, eraporated till nearly dry, diluted with some 
water, and protochloride of tin added. The formation of 
a precipitate, white at first, but changing into gray on the 
protochloride of tin being added in excess, is a safe indica- . 
tion of the presence of mercury.. 

§ 118. 

A portion of the fluid in which solution of sulphuretted 
hydrogen has produced no precipitate, (§ 115, a,) or of the 
fluid which has been filtered ofi" from the precipitate form- 
ed, is mixed with ammonia, till an alkaline reaction be- 
comes manifest, and hydrosulphuret of ammonia is then 
added. 

In cases where but a minute quantity of hydrochloric 
acid is present, and where, therefore, but little muriate of 
ammonia has been formed, a not too inconsiderable meas- 
ure of a solution of this latter salt must be added, previous 
to the addition of the hydrosulphuret of ammonia. 

.0. No PRECIPITATE IS FORMED. Pass over to § 
119, for neither iron, manganese, cobalt, zinc, nickel, 
oxide of chromium, nor alumina, are present ; neither 
are the phosphates of the alkaUne earths, nor oxalate 
of lime (barytes, strontian). 

b. A PRECIPITATE IS FORMED. The whole fluid is 
treated in the same manner as the first portion* 
1. The precipitate is white. Absence of iron, cobalt, nick- 
el. We must look for the presence of all the other metals 
and compounds enumerated at i 118, a, since the faint 
tints of sulphuret of manganese and oxide of chromium 
vanish altogether if the quantity of white precipitate is con- 
siderable* The precipitate is filtered off — (tne filtrate is- 
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treated according to § 119) — washed, dissolved in hydro- 
chloric acid,* boiled up, the solution filtered^ and potash in 
excess added* 

a. The precipitate formed at first on the ad- 
dition OF POTASH, REDISSOLYES COMPLETELY IN THE 
EXCESS OF THE PRECIPITANT. AbsCHCe of the phoS- 

phates and oxalates of the alkaline earths, and mangar 
nese. The solution with potash is divided into two 
portions ; one portion is slightly acidified with hydro- 
chloric acid, ammonia in excess added, and the fluid 
boiled for a short time. 

«. No lasting precipitate is formed. Absence of 
alumina and of oxide of chromium. Solution of 
sulphuretted hydrogen is added to the other portion 
of the solution with potash. The formation of a 
white precipitate indicates zinc. 

/8. ^A lasting precipitate is formed* It is filtered 
off, and, (should a green tint of the solution vrith 
potash, or a green, yellow, or red tint of the origi- 
nal solution make us conclude that oxide of chro- 
mium is present,) a small portion of it tested for 
this substance, with phosphate of soda and ammo- 
nia, (§ 87, b, 5,)t solution of sulphuretted hydrogen 
is added to the filtrate. The formation of a white 
precipitate indicates zinc For alumina we test as 
fo Hows. 

aa. No oxide of chromium has been detected. 
This is sufiicient to prove the presence of alumi- 
na. To assure ourselves of it we test the precipi- 
tate produced by ammonia, before the blow-pipe. 
(Vide § 87, a, 4.) 

bb. Oxide of chromium has been detected. 



* If the precipitate is InconBiderable, this may best be done by forcinjf 
it to the lower part of the filter, by Rieans of a syringe bottle, allowing the 
water to run on, and adding hycfrochloric acid drop by drop. If suTpho- 
ret of zinc is present, the scHution effected by hydrochloric acid is but in- 
complete ; some nitric acid is added in that case, and heat applied. 

t For even if chromic acid is present, a precipitate of oxide of cbromi* 
^m is produced by hydrosulphuret of ammonia, the chromic acid being re- 
4uccd by sulphuretted hydrogen. In such cases, the yellow or red colour 
#f the solution changes into a green tint, on the addition of the sulphuret- 
id hydrogen, and sulphur separates at the same time. 
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In this case, the second portion of the solution 
with potash is boiledi until the oxide of chro- 
mium has completely precipitated ; the fluid is 
then slightly diluted, filtered oif from the oxide 
of chromium, slightly acidified with hydrochloric 
acid, and ammonia in excess added. The forma- 
tion of a precipitate indicates alumina. The 
blow-pipe, as in aa, is resorted to as a conclusive 
test. Should the separation of the oxide of 
chromium from the solution with potash not 
succeed by boiling, as may be the case under 
certain circumstances, the precipitate produced 
by ammonia must be fused with nitre and car- 
bonate of soda, to remove the chromium. 
(Vide § 87, 6, 4.) '* Alumina may have been 
present as a phosphate, and may have precipi- 
tated as such. For the way in which this may 
be ascertained, we refer to ^ 110, 1." 

6. A PRECIPITA.TE INSOLUBLE IN POTASH HAS RE- 
MAINED. The solution is filtered off and the filtrate 
treated as § 118, 1, a, directs. The residuary preci- 
pitate may consist of manganese, '< of the phosphates 
and oxalates of the alkaline earths." The presence 
of MANGANESE is indicated by the precipitate assum- 
ing a brown colour when exposed to tne air. The 
test with carbonate of soda before the blow-pipe is 
resorted to as a conclusive proof. (§ 88, t, 5.) If 
manganese is present, the precipitate is dissolved in 
hydrochloric acid, some tartaric acid mixed with it, 
and then ammonia in excess added. If no precipi- 
tate is formed, neither phosphates nor oxalates of tne 
alkaline earths are present ; the formation of a preci- 
pitate indicates the presence of these compounds. 
This precipitate, (or, if no manganese was present, 
tlie residuary precipitate undissolved by potash), is 
washed and subjected to the following preliminary 
examination, in order to ascertain, whether it consists 
of phosphates of the alkaline earths alone or of oxa- 
lates of the alkaline earths alone> or whether it is a 
mixture of both. A small portion of the precipitate 
is gently heated upon a platinum plate, ana the resi** 
due treated with hydrochloric acid. 
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m. It dissolves witJumt effervescence: absence 
of oxalates. The rest of the precipitate is then 
dissolved in hydrochloric acid, perchloride of iron 
added in excess, and then ammonia, and the fur- 
ther operations, for the detecticm of the bases and 
of the phosphoric acid, conducted as directed 
i 110, 2y a. 

fi. It dissolves with effervescence : presence of 
an oxalate. In this case a preliminary examina- 
tion for phosphates becomes necessary. For this 
purpose the hydrochloric solution is boiled, to 
expel the carbonic acid, and ammonia added. 

aa. No precipitate is formed. Absence of 

fhosphates: oxalates alone can be present- 
or tne detection of the bases, and the confirma- 
tory examination for oxalic acid, vide § 110, 
2, 6. 

bb. A precipitate is formed : presence of a 
phosphate, and an oxalate. The rest of the pre- 
cipitate is then heated to redness and dissolved 
in very slightly diluted hydrochloric acid ; the 
solution is boiled to expel the carbonic acid ; 
ammonia in excess is added, and the solution fil- 
tered. The earths which were combined with 
the oxalic acid, are detected in the filtrate, as 
§ 119 directs. The precipitate is treated as 
stated § 118, 1, b. 

% The PRfiCIPITATB PRODUCED BT HTDROSULPHUaET OF 

AMMONIA IS NOT WHITE ; this iudicatcs chromium, manga- 
nese, iron, cobalt, or nickel. If the precipitate is black 
or has a shade of black, one of the three latter metals is 
certainly present. But, under all circumstances, we must 
look for €tu the metals and compounds enumerated § 1 18, n. 
The precipitate is filtered ofi" from the solution — (the fil- 
trate is treated as i 1 19 directs) — carefiilly washed and 
treated with dilute hydrochloric acid. 

a. No SOLUTION TAKES PLACE, OR THE SOLUTION IS IN« 
COMPLETE INASMUCH AS THE BLACK COLOUR OF THB PRSCI- 
PITATE, DOES NOT DISAPMBAR ; COBALT, NICKEL- Some 

nitric acid is then added to the hydrochloric acid, and the 
solution boiled and treated as follows. The fluid is filtered 
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off from the separated sulphur, and a small portion of it 
mixed with solution of sal ammoniaci ammonia in excess 
added, and heat applied. 

a. No IJLSTIN6 PRECIPITATE IS PORMED BT 

AMMONIA : absence of peroxide pf iron, oxide of 
chromium, alumina, phosphates and oxalates of the 
alkaline earths. The rest of the acid solution of 
the sulphurets is mixed with caustic potash in 
. excess, neated, and the fluid filtered off from the 
precipitate formed. The filtrate is tested for zinc 
with solution of sulphuretted hydrogen* (Compare 
§ 118, 1, a, «.) The precipitate is washed and 
drenched, heated and agitated for some time with 
a somewhat considerable quantity of solution of 
carbonate of anmionia, mixed with half its measure 
of caustic ammonia. 

(m, 7%6 precipitate is completely redissolved. 
Absence of manganese. The ammoniacal solu* 
tion is evaporated to dryness, the residue di»» 
solved in a few drops of hydrochloric acid, once 
more slightly evaporated, and a portion of a resi* 
due — (whicn should still be moist)— tested for 
COBALT, with borax, (§ 88, d, 7.) The rest of 
the moist residue is then dissolved in some 
water, and solution of cyanide of potassium 
added, till the precipitate formed at nrst, is re- 
dissolved in an excess of cyanide of potassium ; 
dilute sulphuric acid is then added and heat 
applied; the solution is allowed to stand for 
some time. The formation of a greenish white 
precipitate, immediately or after the lapse of 
some time, indicates nickel. (§ 88, c. 6, and 
Recapitulation and Remarks, § 88.) 

bb. An insoluble residue remains^ on treating 
the precipitate produced by caustic potash^ with 
carbonate of ammonia and caustic ammonia. 
This is tested for manganese, with carbonate of 
soda. (§ 88, bj 5.) If the precipitate really 
consists of protoxide of manganese, it may almost 
always safely be detected by its assuming a 
brown tint, when exposed to the air. The asor 
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moniacal solution is tested for cobalt and nickel, 
as directed § 1 1 8, 2, a, «, aa. ^ 

/3. Ammonia produces a lasting frecipitate.^ 
The entire solution of the sulphurets in aqua regia 
is then treated in the same manner as the first por- 
tion, the precipitate produced by ammonia, in pre- 
sence of sal ammoniac, is filtered off from the 
solution and washed; the further operations for 
testing both the filtrate and precipitate are con- 
ducted as follow. 

1. Hydrosulphuret of ammonia is added to the filtrate, 
till it causes no longer any precipitation ; the precipitate 
obtained is filtered off from thesolution, carefully was bed, 
dissolved in aqua regia, mixed with caustic potash in 
excess and tested for cobalt, nickel, manganese, and zinc, 
exactly as ^ 118, 2, a, «, directs. 

2. The PRECIPITATE is digested with dilute solution of 
potash. (If we have obtained only a very minute precipi- 
tate, this should be dissolved, on the filter, by means of 
hydrochloric acid, and caustic potash in excess added to 
the solution.) 

aa. The precipitate redissolves completely in 
the caustic potash : absence of peroxide of iron, 
and of the phosphates, and oxalates of the alka- 
line earths. The solution with potash is tested 
for alumina and oxide of chromium, exactly as 
§ 118, 1, a, directs^ 

bh. The precipitate does not redissolve^ or at 
least not completely. The solution is filtered 
and the filtrate tested for oxide of chromium and 
alumina, as stated at aa. The residue is dis- 
solved in dilute hydrochloric acid, and a small 
portion of the solution mixed with ferrocyanide 
of potassium. The immediate formation of a 
blue precipitate or even a blue tint in the solu- 
tion indicates iron. If iron is present, the rest 
of the hydrochloric solution is mixed with some 
tartaric acid, and ammonia in excess added. 
Should no iron be present, the solution is simply 
supersaturated with ammonia. If no precipitate 
is formed} neither phosphates nor oxalates^ of the 
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alkaline earths are present; if a precipitate is 
formed, this is treated as ^ 118, 1, 6, directs. 
To ascertain whether the iron was present as 
peroxide or protoxide, the original solution in 
water or in hydrochloric acid (but not in nitric 
acid) is tested with ferrocyaniae of potassium 
and with ferricyanide of potassium. The forma- 
tion of a dark blue precipitate with the former 
reagent, indicates peroxide j with the latter, 
protoxide, 
5. The precipitate produced bt hydrosulphurbt 
of ammonia redissolves readil7 and completeit 
upon being treated with hydrochloric acid, or, 
at least, its black colour disappears immediately : 
absence of cobalt and nickel. The solution is boiled 
with some nitric acid, filtered off from the sulphur 
which precipitates in this operation, and a small por* 
tion of the filtrate mixed with sal ammoniac ; ammonia 
in excess is then added and heat applied. 

Ob, No lasting precipitate is formed upon the ad- 
dition of ammonia: absence of iron, oxide of chro- 
mium, alumina phosphates, and oxalates of the alka- 
line earths. The rest of the hydrochloric solution is 
ilnixed with potash in excess, and the precipitate 
formed tested for manganese, with, carbonate of 
soda ; the alkaline filtrate is tested for zinc, with 
sulphuretted hydrogen. 

i3. A lasting precipitate is formed upon the ad- 
dition of ammonia* The entire solution of the 
sulphurets is treated in the same manner as the 
first portion. The precipitate is tested exactly as 
§ 118, 2, a, /3, 2 directs. The solution which has 
been filtered off from the precipitate, is mixed 
with hydrosulphuret of am^ionia in excess. 

aa. No precipitate is formed: absence of 
manganese and zinc. 

hh. A precipitate is formed. This is well 
washed and dissolved in aqua regia, and potash 
m excess added to the solution, 

««. No lasting precipitate is formed: ab- 
sence of manganese and contequently prej 
10 
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sence of zinc* Far further proof suIj^oreiCed 
hydteg/tm m aekkd to the •ofution with poU^. 
/}/i. A precipitate is formed : man6aiy£»e.. 
The blow-pipe is resorted to as a conclusive 
test The fluid which has been filtered off 
from this precipitate i» treated with sulphu- 
retted hydiiogenb The fonnaticn of a iRrhite 
Inrecipitate indicates zinc. 

$ 11^ 

• A portion 9S the Itiiid in which h jdrosalphmet of am- 
monia has produced no precipitate, or which has been fil- 
tered off from the precipitate lormed, is mixed with phos- 
phate of Boda and with ammonia — (if it does not already 
contain fre^ ammonia) — and strongly a^tated. 

Oi No l^ttBCiPiTATe IS FORMED *, this indicates the 
absence of alt the alkaline earths. A fresh portion of 
the fluid is evaporated to dryness and the residue 
heated to redness. If no resndue remains, (on heating 
to rednesS)) lieither potai^h nor soda are present : pass 
over to § 122* If a residue temains, the entire fluid 
is treated in the same manner as the first portion, 
atid the further operations are conducted as § 121 
direct*. 

ih A fuMintxTB IS roiiMED. The remainder of 
the fluid, if containing sulphuretted hydrogen or hy- 
drosulphuret of ammonia — (in which latter case it 
must first b6 acidified with hydrochloric acid) — ^is 
heated, till it has lost all odour of sulphuretted hydro- 
geh, and theii filtered ofi*from the sulphur, if any has 
been priecipitated* To this filtrate a mixture ot car- 
bonate of ammonia and some caustic ammonia is 
added in exciess-rflifter having previously added mu- 
riate of ammonia, should this substance not alieady 
have been formed in the fluid in sufficient quantity 
dttrinff the coutse of examination. The solution is 
boiled for some time. 

1. No PREciPitATB IB iPonMEn. Pass over to § 120^ 
neither lime, not barytifts, nor strontian being present 

2. A i^JfttecupifAfB IS yoEMfin: presence of lime, ba- 
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RYTfis, or 8TR0NT1AN. The precipitate is filtered off— 
(the filtrate is tested as § 120 directs) — and dissolred in 
the least possible quantity of very dilute hydrochloric acid. 

a. Solution of gypsum is added to a portion of the 
solution. 

^, No precipitate is formed, not even after 

THE LAPSE OF SOME TIME. PaSS OVCr tO § 119, 2, 

b, ior barytes and strontian are not present* 
/3. A precipitate is formed. 

aa. It is formed immediately upon the addition 
of the soluulion of gypsum : this indicates bary- 
tes. Strontian may be present besides. 

A portion of the hydrochloric solution (vide § 
119, 2) is evaporated to dryness, and tlie residue 
digested with absolute alcohol — (at least, with 
verv strong alcohol) —and. the solution filtered. 
A lew drops of the filtrate are evaporated upon 
a platinum plate. 

««. No residue remains. Pass over to 5 120: 
for neither strontian nor lime are present. 

^jS. A residue remains. The adcoholic so- 
lution is divided into two portions : one portion 
is heated in a small crucible emd ignited ; a 
carmine red tint of the flame indicates stron- 
TiAN. If the flame does not appear red, or if 
any doubt exists as to its exact tint, the second 
portion of the alcoholic solution is evaporated 
to dryness, the residue dissolved in a small 
proportion of water, and the solution tested 
with solution of gypsum. The formation of a 
precipitate after the lapse of some time, indi- 
cates STRONTIAN. 

We can best assure ourselves of the pre- 
sence of barytes by adding hydrofluosilicic 
acid to the solution in hydrochloric acid, and 
appljring heat. The formation of a precipitate 
after the lapse of some time denotes the pre- 
sence of BARYTES. 

bb. The precipitate is formed^ only after the 
lapse of some time : absence of barytes ; pre- 
sence of STRONTIAN. 
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b. Oxalic acid is added to a fresh portion of the 
hydrochloric solution, (vide § 119, 2,) after having 
previously made it alkaline by the addition of ammonia. 
Should (after § 119, 2, a, /3,) barytes or slrontian have 
been detected, these must be first precipitated with 
sulphate of potash, the solution filtered off, and the 
oxalic acid added to the filtrate, after the previous ad- 
dition of ammonia. If a precipitate is lormed, lime 
is present. 

^ 120. 

Two small portions are taken of the fluid, in which car- 
bonate of ammonia has produced no precipitate, (^ 119, 1,) 
or of that which has been filtered off from the precipitate 
formed, and sulphate of potash is added to the one, oxalate 
of ammonia to tne other. 

1. Both these reagents produce no longer any 
PRECIPITATE. This is a certain proof that all barytes, 
strontian, and lime, have been completely precipitated by 
carbonate of ammonia. Phosphate of soda is added to a 
third portion of the fluid with carbonate of ammonia, and 
the mixture stirred with a glass rod. The formation of a 
crystalline precipitate, (vide ^ 86, d, 5,) indicates magne- 
sia. The rest of the fluid, a portion of which has been 
tested for magnesia, is evaporated to dryness, and heated 
till all the ammoniacal salts have been expelled. If no re- 
sidue remains, pass over to § 122; if a residue remains, 
pass over§ 121. 

2. Both the reagents, or at least one of them, 
PRODUCE still A PRECIPITATE. In that casc, barytes, 
strontian, and lime, have not yet been completely precipi- 
tated by carbonate of ammonia. This reagent, mixed 
with caustic ammonia, is, therefore, once more added to 
the rest of the fluid, and the mixture again boiled for some 
time. The precipitate formed is filtered off from the fluid, 
and again treated as § 120 directs. 

§121. 

We have now still to treat of the examination for fixed 
alkalies and for anuuonia. 
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The combinations of the former are, with very few ex- 
ceptions, soluble in water. It is, therefore, not necesgary 
to look for them when testing compounds insoluble in 
water. 

When we have to operate upon a substance insoluble 
in water, but soluble in hydrochloric acid, or in nitric acid, 
a portion of the fluid, in the specimen of which phosphate 
of soda did produce no precipitate, (§ 119, a,) — or of that 
in which carbonate of ammonia has occasioned none, 
(§ 119, 1,) or of that which has been filtered off from the 
precipitate formed, (§ 119, 2,) — is preserved and tested for 
phosphoric acid and oxalic acid, as § 1 25, 8, directs. 

1. Magnesia is not present. The roasted residue 
of §119, a, is dissolved in a small proportion of water, 
and alcohol added to the solution ; this is then heated to 
the boiling point and ignited. 

a. The flame has a violet tint. Absence of 
soda ; probable presence of potash. 

b. The flame is yellow : presence of soda. The 
solution is evaporated to dryness, and the test with 
antimoniate of potash, and the blow-pipe flame, are 
resorted to as conclusive proofs of the presence of 
soda. (Vide ^ 85, 6, 3.) We assure ourselves of the 
presence of potash, by dissolving this residue in wa- 
ter, or, better still, in alcohol, if possible, and heating 
one half of the solution with tartaric acid, and the 
other half with chloride of platinum. If potash be 
present, the tartaric acid will produce a colourless, 
granular, crystalline precipitate, after the lapse of 
some time, whilst the chloride of platinum will pro- 
duce a yellow precipitate. 

2. Magnesia is present. The residue is dissolved in 
water, and water of barytes, or solution of sulphuret of 
barium (containing caustic barytes) added, as long as any 
precipitate is formed ; the solution is then boiled, filtered, 
and dilute sulphuric acid dropped into the filtrate till the 
reaction has become acid. The fluid is then filtered off 
from the precipitated sulphate of barytes, the filtrate eva- 
porated to dryness, and the residue whicht perchance, may 
remain, tested for potash and soda, as directed ^ 121, 1. 
Or the residue containing magnesia (and perhaps alkalies 
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besides) is treated with sulphuric acid, the solution evapo- 
rated to dryness, and the residue heated to redness as loag 
as any vapour escapes ; the residuaury mass is then dis- 
solved in water, and the solution precipitated by acetate of 
barytes in excess, filtered off from the precipitate, and the 
filtrate again evaporated to dryness ; the residue is exposed 
to a strong red heat, and then treated with a small propor- 
tion of water ; the solution is filtered and further tested for 
potash and soda, as § 121, 1, directs. Should the filtrate 
manifest an alkaline reaction, it must first be neutralized 
with hydrochloric acid. 

§122. 

We have now still to consider the examination for am- 
monia. A portion of the substance under examination is 
treated with concentrated solution of potash, and heat 
applied. Ammonia is present, if the escaping gas emits 
its characteristic odour, if it restores the blue colour of 
. ipoisli reddened Utmus-paper, and if white fumes arise upon 
asmall glass rod, moistened with hydrochloric acid, being 
dipped into the tube. 

Compounds in which all the more frequently occurring 
acids and bases, metals and metalloids^ are supposed to 
he present* 

A. 1* Substances solvble in water. Detection of acids 

AND METALLOIDS. 

I. Absence of Organic Acids, 
J123. 

1. Concerning the detection of AjtsENiotrs and arsenic 
AciDi carbonic acid, htdrosulpuurxc acid, and chromic 
acid, compare i 108, 1 and 2. 

2. Nitrate of barytes is added to a portion of the solu- 
tion ; if the solution is acid, it must first be neutralized 
with ammonia. 

a. No precipitate is formed- Absence of sul- 
phuric acid, phosphoric acid, boracic acid, chromic 
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mcid, lilicic acid, oxalic acid, araenioas and arsenic 
«eid.* (Pass over to 3.) 

b. A. rRBciPiTATB 18 FOBMBik Tbs fluid 18 di- 
luted, and hydrachlaric acid added ; if the precipitate 
^oes not reaisaolve, or, at leait, not ccmipletely, SVL- 
FiTOKic ACis it present. 
S. Nitrate of silver is added to a pordon o! Ae soTudtHi ; 
lliiB is previously exactly neutralized, if acid, by meana 
of aaaonia; if dkaline, by means of nitric acid. 

a. No PRBCIPITATB 18 FORIIBB. PaHB OVCF tO 4 J 

aeither chlorine, nor iodise, cyanogen, phosphoric 
acid, silicic acid, oxalic acid, nor chroouc acid aro 
present, nor borade acid, if the solulion was not too 
dilute. 

b. A rRBciviTATE IS FORKED. The colour of the 
prftciptate ia inspected, and the nitric acid then 
added. _ 

oletely. Paaa 
le, ioaioe, nor 

E, lODIITB, OF 

and digested 

aa. A fellowtsk residue remain*. This is 
caused by ^e presence vfioniNB. We assure 
ourselTcs of the presence of tlua sabstance as 
% 100, c, directs. The solution is filtered off 
^m the residue, and nitric acid in excess added 
' to Uie filtrate; if a precipitate is formed, it indi- 
cates chlorine or cyanogen. For the fuitiier 
operation, vide 66. 

hb. No residue remains, chlorine or ctano- 
oen; absence of iodine. For further examina- 
tion, the solution is again precipitated with nitric 
acid. Previous to beginniag the open^on of 
distinguishing chl^lde of silver from cyanide of 

> If muriate of smnania is prennt in the fluid under enuoinEfion, tha 
*U)D-<bTrastion of t preeiiHtKle is mot B conclmive proof of the sbaence of 
Qislio acid, ansniom and anenie said, and ecpeciKlly not of tfaat of bo. 
(Bcic acid, tha barytsa aalti of tkeae acidi not being insolnbLii b) vM/a, In 
piMPBca of amunuaeal ulU. 



sulphate of iron into the soRmon, previously mixed with 
the third part of its amonnt of concentrated sulphuric acid. 
If nitric acid is present, the blue solution loses its coloiur, 
and a brown-coloured halo forms round the crystal. 

We have now still to speak of the examinations for phos- 
phoric acid, boracic acid, silicic acid, oxalic acid, and chro- 
mic acid. It is.necessary to make these examinations only 
in such cases w^ere chloride of barium, as well as nitrate of 
silver, have causedthe formation of precipitates in neutral 
solutions. Compare note to § 123, 2, a. 

5. If the precipitate produced by nitrate of silver was of 
a yellowish colour, we must especially look for phosphoric 
acid. For this purpose, ammonia in excess is added to a 
portion of the fluid ; if a precipitate is formed, the fluid is 
filtered, and muriate of ammonia added to the filtrate, and 

* ^ould Uie cyanogen be present as free hydroeyanic aeid, which may 
easily be detected by its characteristic odour, this ought to be saturated 
with potash, previous to the addition of the solution of iron. We have 
alreadjr stated at § 100, <?, that the cyanogen is not detected by nitrate of 
silver, in certain combinations, e. g. cyanide of mercury. 
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silver, the fluid is tested for cyanogen, in order 
to see whether this operation is at all necessary. 
For this purpose solution of magnetic oxide of 
iron is added to a portion of the ojSg^al solu- I 

tion, followed by the addition of hydrochloric 
acid. The formation of a blue precipitate indi- 
cates CYANOGEN.* If uo precipitate is formed, 
and the fluid assumes no blue tint, the precipitate 
redissolved by ammonia consists dh&hloride of 
silver alone. If cyanogen has been delected, the 
precipitate to be examined is washed, taken from 
the filter when still moist, dried in a porcelain 
crucible, and heated to redness. Chloride of 
silver merely fuses, whilst cyanide of silver be- 
comes reduced. The metallic silver may be 
separated from the chloride of silver by means 
of nitric acid. 
4. The aqueous solution is tested for nitric acid, by 
mixing solution of indiff^ivilh it, tillit hqjs acquired a light 
blue tint, and then ad^m^some sufjl^ic acid, and apply- 
ing heat ; and, moreover, ta[^«t)wilpi crystal of proto- 
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then sulphate of magnesia. The formation of a crystalline 
precipitate denotes phosphoric acid. 

6. A small portion of the substance under examination is 
drenched with alcohol, sulphuric acid added, and^the mixture 
heated to boiling in a small crucible, and thefi ignited. If 
the flame has a green tint, boracic acid is present. If 
copper is present, this must first be removed, either by 
means of suljjhuretted hydrogen, br by boiling the fluid with 
potash in excess. \^ 

7. If the fluid was rad, or yellow changing to red, on the 
addition of hydrochloric acid, and if the precipitate produ- 
ced by nitrate of silver in the neutral solution had a purple 
red colour, the presence of chromic acid is confirmed. 

8. For silicic acid, test as § 99, b, 2, directs. 

9. For the detection of oxalic acid, solution of gypsuna 
is added to a portion of the fluid under examination, which 
must first be neutralized with ammonia, if it manifests an 
acid reaction. The formation of a white precipitate, which 
does not vanish upon the addition of acetic acid, indicates 
the presence of oxalic acid. 

Chlorates, bromides, and fluorides, are of less fre- 
quent occurrence. Chlorates may be detected by their 
violent deflagration with charcoal, when in a state of fusion, 
(vide § 105, A. I. 2, c.) Chloric acid is best detected by 
heating a portion of the solid salt in a glass tube, closed at 
the lower end, and placing a wood-splinter which has been 
kindled and the flame extinguished, near the open end. If 
chloric acid be present, the flame of the wood-splinter 
will be rekindled. The residue dissolved in water yields 
in that case with nitrate of silver a copious precipitate of 
chloride of silver. Other tests are, to throw a few grains 
of the salt into fuming sulphuric acid, (§ 101, b, 6,) or fus- 
ing a portion of the salt with cyanide of potassium. (§101, 
6, 3.) The detection of bromides is simple, if iodides 
are not present, at the iSame time. Vide § 100, for the 
safe detection of bromine in both cases. For the detec- 
tion of the fluorides, the methods described § 98, d, 4 
and 5, are the safest under all circumstances. 

10» 
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Compounds in which all the more freauently occurring 
acids and baseSf metals and meUdloias^ are supposed to 
be present. 

A. 1. Substances soluble in water. Detection of 

ACIDS AND metalloids. 

. IL Presendb of Organic Adds. 

§ 124. 

1. Chromic AciD} arsenious, and arsenjc acid, have 
already been detected when testing for the bases ; concern- 
ing the distinction of arsenious from arsenic acid, compare 
§ 93, additions and remarks. 

2. Hydrochloric acid is added to a portion of the solu- 
tion. The formation of a precipitate, which, upon being 
heated on a platinum plate volatilizes partly or totally, 
emitting the cnaracteristic odour of benzoic acid, indicates 
the presence of this acid. Eflfervescence, upon the addition 
of the hydrochloric acid, may be caused by the presence 
of CARBONIC ACID, or by that of sulphuretted hydrogen. 
(Vide § 108, 2.) 

3. Ammonia is added to a portion of the solution, till 
the latter manifests a feebly alkaline reaction ; the solu- 
tion is then filtered, if necessary, and chloride of barium 
added. 

Should hydrochloric acid have produced a precipi- 
pitate in the original solution, the filtrate of this ought 
to be used for this experiment. 

a. No PRECIPITATE IS * FORMED. Abscncc of sul- 
phuric acid, phosphoric acid, chromic, acid, boracie 
acid, arsenic acid, arsenious acid, silicic acid, oxalic 
acid, tartaric acid, citric acid ; these may, therefore, 
be disregarded in the further course of examination. 
What we have stated at § 123, 2, a, (note,) applies 
also to the last six of these acids. 

6. A PRECIPITATE IS FORMED. Hydrochloric acid 
is added. 

«. The precipitate redissolves : (SA.bsence of 
sulphuric acid. 
fi. A residue remains : sulphuric acid. 
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4k. IS^itrate of silver is added^o a portion of the solution, 
^nrliicli must first be exactly neutralized with nitiiG acid, 
if alkaline, and with aramonia, if acid. 

a. No precipitate is formed : absence of phospho- 
ric acid, boracic acid, chromic acid, silicic acid, oxalic 
mcid, tartaric acid, citric acid^ these may, therefore, 
be disregarded in the farther course of examination. 

b. A FAECIPITATE IS FO&MEB. 

tt^ Itis whitish or yellow. A portion <^ the fluidi 
together with the precipitate suspended thereiui is 
boiled. Complete ana rapid reducticm indicates 
FORMIC ACID. Protonitrate of mercury is used as 
a conclusive test, § 104, &, bearing m mind the 
aremaxks which will be found at the end of diis 
number, (4) The rest of j;he precipitate is treated 
^ith nitric acid. If it is redissolved^ neither chlot 
RiNE, nor iodine, nor cvakogen, are present ; but 
if the precipitate does not completely redissolve in 
nilric acid, the residue is tested for these salt radi- 
cals, as § 123, 3, 6, 0, directs. * •' 
/S. The precipitate produced by nitrate of silver 
is purple : chromic acid. Should arsenic acid be 
present, acetate of lead is added, or (as a conclu- 
sive test, to a fresh portion of the solution) the 
formation of a yellow precipitate proves the pre- 
sence of chromic acid. Chlorine, iodine, and 
CYANOGEN, may also be present in the silver pre-, 
cipitate: test for these salt radicals' as k 123, 3, 6, 
directs. 

In the presence of chromic acid, formic acid 
cannot be detected with certainty, by the reduction 
of silver ^d mercury. In this case there remains 
no other jpeans of its certain detection, except dis- 
tilling tlie compound under examination,^with the 
addition of some sulphuric acid. The distillate is 
saturated with soda, and then tested with perchlo- 
ride of iron, (which chromic acid tinges blood-red,) 
and with nitrate of silver. (Compare § 104, 6.) 
5. If chloride of barium and nitrate of silver have given 
rise to the formation of precipitates, test for phosfhoric 
acid, as directed § 123, 5, and for silicic acid as directed 
§ 99, 6, 2. 
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6. A portion of the solid substance vm^r examination 
(or, if in solution — (should the latter be ^^id, it must first 
be saturated with potash) — the residue obtained by eva- 
porating ihe solution to dryness) is drenched with alcohol 
in a small tube, concentrated sulphuric acid to the extent 
of about one-third of the volume of the alcohol, and the 
mixture heated to ihe boiling point. If any odour of acetic 
ether is emitted — which, ia many instances, may be clearly 
detected upon agitating the mixture, whilst cooling or 
when cold — acetic acid is present. The contents of the 
tube are poured into a small crucible, healed, and ignited* 
If the flame is green, boracic acid is present. 

7.' 'A portion^of the fttiid is rendered feebly alkaline by 
tl^e addition mi ammonia, filtered, if necessary, and chlo- 
ride of calcium added. If the solution was neutral, some 
sal am|poniac*must be added before the addition of chlo- 
ride of calcium. ^ 

a. No PRECIPITATE IS FORMED, NOT EVEN AFTER 

THE LAPSE OF spMB TIME. Absence of oxalic acid 
'• aild tartaric acid ; pass over to 8. 

6. A PRECIPITATE IS FORMED IMMEDIATELY, OR 
AFTER THE LAPSE OF A FEW HfclNUTES. The Solution 

is filtered off from this precipitate, and the filtrate 
further tested as 8 directs. 

The precipitate is washed, digested, and agitated 

with somewhat dilute solution of potash in excess, 

• without the aid of heat, filtered, and the filtrate boiled 

for soiftt^ time. If a precipitate is formed which 

disappears again, on cooling, tartaric acid is present. 

Solution of gypsum is added to a portion of the 

original solution, which, if acid, must first be made 

iieutr^l by the addition of ammonia. The formation 

of a precipitate, which does not disappear upon the 

addition of acetic acid, but is dissolved by hydrochlo- 

'ric acid, indicates oxalic acid. 

8. The fluid in which chloride of calcium has produced 

"no precipitate, or that which has been filtered off from 

the precipitate formed — (in which latter case some more 

• chfcride of calcium is added) — is mixed with alcohol. 

a. No PRECIPITATE IS FORMED. Abscnco of titrfc 
acid and of malic acid. Pass over to 9. 
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6. A PRECIPITATE IS FORMED. The SolutiOD is 

filtered off and the filtrate treated as 9 directs. The 
precipitate is washed with alcohol, and (being left on 
the filter) dissolved in the leasts possible quantity of 
dilute hydrochloric acid. Ammonia is then added to 
this latter filtrate, till it manifests a feebly alkaline 
reaction, and heat applied to the boil^lg^' point, at 
which it must be kept for some time. 

«. The filtrate remains clear. Absence of 
citric acid^ Presence of malic acid ; alcohol 'is , 
again added to the fluid, and the* lime precipitate 
which is formed, heated to redness, as a conclu- 
sive test for malic acid ; the reaction with acetate of 
lead is moreover resorted to as a confirmatory proof, 
§ 102, e, 6. . 

/3. A HEAVY, .WHITE PRECVITATE IS FORMED. 

Presence of citric acid. The solution is filtered 
whilst boiling, and the filtrate tested for malic acid, 
as described at «. 
9. Perchloride of iron is added to the filtrate of 8, fc, or 
to the fluid, in which no precipitate has been. formed, on 
mixing with alcohol, (§ 128, 8, a,) after having "previously 
expelled the alcohol by heat, and after having exactly ;ieu- 
tralized with hydrochloric acid. If no light brown floccu- 
lent precipitate is formed, neither succinic acid nor benzoic 
acid are present ; if a precipitate of this kind is formed, 
and no benzoic acid has been detected during the previqjifr* 
examination, (§ 124, 2,) this consists of suociNit acid. 
But if benzoic acid was present, the solution is filtered off, 
and the precipitate washed and then digested with ammo- 
nia in excess, filtered, the filtrate evaporated to dryness, 
and the benzoate of ammonia dissolved out of it by alco- 
hol ; the succinate of ammonia remains undissolved. This 
succinate is dissolved in water, .and both solutions are 
tested with perchloride of iron. 

10. Test for nitric acid as directed § 123. 

Compounds in which all the more frequently occurring 
basesj adds, metals, and metalloids, are supposed *to be 
present. 
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A. 2. Substances insoluble in water, but solitble in 

HYDROCHLORIC ACID AND IN NITRIC ACID. DETECTION 
OF THE ACIDS AND METALLOIDS. 

L Absence of Organic Adds, 
§ 125. 

In examining these compounds we must look for all the 
acids occumng at § 123, with the exception of chloric 
acid. Cyanogen compounds are not examined after this 
method: compare § 128. ^ 

1. What we have stated at § ill, 2, with regard to ar- 
8SNI0US and arsenic acid» htdrosulphuric acid and 
CHROBCic acid, applies also to this paragraph. 

2. A portion of the substance is bailed with nitric acid, 
and the solutio(i filtered, should any residue remain. 

«. Effervescence takes place ; this may be caused 
by the presence of carbonic acid, or by that of ni- 
tric OXIDE GAS ; the former may be detected as § 99, 
a, directs, the latter usually indicates the presence of 
a sulphur compoimd. 

6. Violet vapours escape, which impart a blue tint 
to starch: iodine. 

3. Nitrate of silver is added to a portion of the nitric 
solution. 

€U No PRECIPITATE IS FORMED : paSS OVOr tO 4, fOT 

no chlorine is present. 

b. A PRECIPITATE IS FORMED. The solutioD is fil- 
tered off, and the precipitate washed, and digested 
with ammonia ; if it redissolves completely or partly, 
CHLORINE is present. 

4. A portion of the substance under examination is boiled 
with hydrochloric acid, andthesoluticm filtered, if necessary. 
A portion of the solution or filtrate is mixed with chloride 
of barium. The formation of a precipitate indicates sul- 
phuric ACID. 

6. Another portion of the hydrochloric solution is test- 
ed for NITRIC ACID, with indigo and protosulphate of iron. 
(Vide § 1 23, 4.) In many cases it will already have been de- 
tected by the deflagration on charcoal before the blow- 
pipe. 

6. If the experiment, § 125, 2, 6, has not yet indicated 
the presence of iodine, a portion of the substance under ex- 
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Rxnination is heated with concentrated sulphuric acid. If 
aaay iodine compound be present, violet vapours will be 
evolvedi which impart a blue tint to starch* (Compare § 
100, c, 6.) 

7. Test for boracic acid bv treating a portion of the 
substance to be exanodned with sulphuric acid and alco^ 
hoi. (Vide § 98, 6, 5.) 

8. The flmd of § 119, a, (in which phosphate of* soda 
produces no precipitate,) or that of § 119, 1, (in which car- 
bonate of ammonia produces no precipitate,) or— (should 
carbonate of ammonia have produced a precipitate in it) — 
the £Jtrate of the same (§ 119, 2,) (vide § 121,) are tested 
for FHOSFHORic ACID and OXALIC ACID, as directed § 123, 
6, and 9. (Oxalic acid, when combined with barytes, 
strontian, or lime, will have been detected already, in test- 
ing for the bases ; the same applies to phosphoric acid 
when coisQLbined with magnesia.) 

9. Test for silicic acid as § 99, J, 3, directs. With 
regard to the more rarely occurring bromine and fluorine 
compounds, we refer to the remarks made at the end of 
§ 123. 

Compounds in which all the more frequently occurring 
basesy acids^ metcds^ and metalloids^ are supposed to 
be present. 

A- 2. Substances insoluble in water, but soluble in 

HYDROCHLORIC ACID, AND IN NITRIC ACID. DETEC- 
TION OF THE ACIDS AND METALLOIDS. 

II. Presenceof Organic Adds. 

§ 126. 




1. Test for cl^^&ic acid, arsenic acid, arsbnious 

ACID, sulphuric ilj^ NITRIC ACID, BORACIC ACID, CHRO- 
MIC ACID, SILICIC^BB, CHLORINE, IODINE, and SULPHUR, 

as directed at § 125 ; for acetic acid as staled at § 124, 
6. Cyanogen compounds are not examined after this 
method: con|pare § 128. 

2. A portion of the compound under examination is dis- 
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solved in hydrochloric acid, and the solution filtered, should 
any residue remain, (which latter is tested for benzoic 
ACID, as directed at § 124, 2.) The filtrate is mixed with 
solution of carbonate of potash, and the mixture boiled for 
some time. The fluid is filtered off from the precipitate 
formed, and the filtrate saturated with dilute hydrochloric 
acid, and tested for phosphoric acid and oxalic acid, as 
directed at § 123, 5, and 9 ; and for tartaric acid, citric 
ACID, malic acid, SUCCINIC ACID and BENZOIC ACID, exact- 
ly as directed at § 124, 7, 8, and 9. 

Compounds in which all the more frequently occurring 
bdseSf acids, metals, and metalloids, are supposed to 
be present, 

B. Substances insoluble or sparingly soluble both 

IN WATER AND IN HYDROCHLORIC ACID. DETECTION 
OF THE BASES, ACIDS, AND METALLOIDS. 

§ 127. 

The following substances and combinations belong to 
this class : 

Sulphate of barytes, sulphate op strontian, sul- 
phate OF lime, CHLORIDB of silver, chloride of LEAD| 

sulphate of lead, sulphuret of mercdry, bisul- 
phuret of mercury, protochloride of mercury, 
some of the ferrocyanides, several sulphurets, 
silicic acid, sulphur and carbon. 
. Besides these, a few acid arseniates belong to this class ; 
they are, however, as rarely occurring in the analyses oif 
those mixtures and compounds important in pharmacy, 
manufacture, arts, and trades, as the,insoluble modification 
of oxide of chromium, or as roasted peroxide of tin, or as 
fluoride of calcium. Of these latter less frequently oc- 
curring substances, we purpose to^iflh^eparately. 

For the insoluble cyanides, vide §1^8. 

A* The residue is white. It may in that case con- 
tain sulphate of barytes, solphate op strontian, 
sulphate of lime, sulphate of lead, chloride of 

LEAD, chloride OF SILVER, PROTOCHLORIDE OF MERCURY, 
silicic acid, SULPHUR. 
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No attention need be paid to the presence of sulphate of 
lime, if this substance lias already been detected in the 
aqueous solution. The same remark applies to the lead 
compounds : we may disregard these, if the previous ex- 
amination has not already proved their presence. 

1. A small portion of the substance under examination 
is heated upon a platinum plate, and flame allowed to play 
on it. If any odour of sulphurous acid is emitted, sul- 
phur is present. If no residue remains, sulphur alone is 
present. If the heat applied was very intense, protochlo- 
ride of mercury may have volatilized. The sensible pro- 
perties of the residue will show whether this is to be ap- 
prehended. 

2. Hydrosulphuret of ammonia is added to a very small 
portion of the substance under examination. 

a. It remains white. Pass over to § 127, 3, for no 
metallic compounds are present. 

6. It becomes black. This proves with certainty 
the presence of a metallic salt, either protochloride 
of mercury, chloride of silver, chloride of lead, or 
sulphate of lead. Moreover, all the other com- 
pounds enumerated under A, may be present. The 
method of the further operation varies according to 
whether lead is present or not. 

The following preliminary experiment is made in 
order to ascertain which method ought to be adopted. 

A small portion of the substance is mixed with 
carbonate of soda, and exposed to the reducing flame 
of the blow-pipe. The production of a metallic 
grain, (which oxidizes in the oxidizing flame,) at- 
tended with a yellow incrustation of the charcoal? in- 
dicates lead. 

«. This preliminary examination indicates 

THE presence of LEAD IN THE WHITE PRECIPI- 
TATE. 

aa. The largest half of the residue (which, if 
moist, must first be dried) is fused with three 
parts of dry carbonate of soda ^nd three parts of 
cyanide of potassium, in a small crucible, over a 
spirit-lamp. The mass fuses easily ; it is main- 
tained in a state of fusion for some time. After 
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cooling, it is boiled with water, filtered, and the 
residue very carefully washed. The greater 
portion of the filtrate is supersaturated with 
nydrochloric acid, and a portion of this solution 
tested with chloride of barium. The formation 
of a precipitate indicates the presence of a sul* 
PHATK. (Should a precipitate (silicic acid) be 
formed, u{>on supersaturating the filtrate with 
hydrochloric acid, the fluid must be diluted and 
filtered, and then tested for sulphuric acid.) The 
rest of the solution (supersaturated with hydro- 
chloric acid) is evaporated to dryness and the 
residue treated with water. If a residue remains, 
this consists of silicic acid. The formation 
of a clear glass, when fused with carbonate of 
«oda in the blow-pipe flame, is a conclusive 
proof of the presence of silicic acid. The rest 
of the filtrate, which has not been mixed with 
hydrochloric acid, is acidified with nitric acid, 
boiled until it emits no longer any odc^yu: of 
hydrochloric acid, and nitrate of silver added ; 
the formation of a precipitate of chloride of silver 
denotes that the residue, insoluble in water and 
hydrochloric acid, contains a chloride, (pro- 
vided always, the reagents be free from chlorine, 
and the residue completely washed*) The resi- 
due obtained upon treating the fused mass with 
water, and which has been very carefully washed, 
(vide supra,) is treated with acetic acid; if it 
partly dissolves in this acid with effervescence, 
the presence of sulphates of the alkaUne earths 
is certain. If no effervescence takes place, it 
proves the absence of the sulphates of the alka- 
line earths ; the residue is therefore treated with 
nitric acid, and the solution treated as follows. 
If effervescence has taken place, a portion of the 
acetic solution is tested with sulphuretted hydro- 
gen. If a black precipitate is formed, (sulphuret 
of lead,) the lead is removed in the same man- 
ner from the entire acetic solution, and the fil- 
trate (which, if necessary, i^ concentrated by 
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eyaporaUon) treated as ^ 119 directs, beginning 
at 2j a. If the test portion of the acetic solution 
remains unaltered upon being treated with sul- 
phuretted hydrogen, the rest of the solution is 
directly tested as directed, § 119, 2, a. The re- 
sidue, which has remained on treating with the 
acetic acid, is treated with nitric acid, and a 
small portion of the solution is then tested with 
sulphuric acid for lead, (after having removed 
the excess of acid by evaporation ;) the rest 
strongly diluted with water, and then tested for 
8ILVBE9 with hydrochloric acid- If nitric acid 
leaves a residue, this consists of undissolved si- 
licic acid, or incompletely decomposed sulphate 
of the alkaline earths* 

bb. Half of the remainder of the residue is 
boiled with carbonate of potash* If its white 
colour change into gray or black, protochlo- 
RiDE OF MERCURY is present. As a confirmatory 
test the other half is heated in a small slass tube, 
together with dry carbonate of soda. (Vide § 90, 
6,7.) 
fi. The preliminart examination proves the 

ABSSNCE OF LEA]>» IN THE WHITE PRECIPITATE. 

The entire entire residue is drenched and digested 
for some time, with hydrosulphuret of ammonia, 
the solution filtered, and the filtratettested for chlo- 
rine, as aa directs. The precipitate is washed and 
boiled with nitric acid* 

aa. The precipitate dissolves with the excep- 
tion of the separated sulphur. Chloride of 
SILVER alone is present. To assure ourselves, 
we test the nitric solution for silver, with hydro- 
cliloric acid. To prove the presence of chlorine, 
the filtrate of § 127, A, 2, jS, is supersaturated 
with nitric acid, and boiled, in order to expel the 
sulphuretted hydrogen. The fluid is then nltered 
from the sulphur which has separated, and tested 
with nitrate of silver. 

bb, A residue remains besides the separated 
sulphur. 
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««. This residue is black: mercury. The 
fluid is filtered from the residue, and the fil- 
trate tested for silver, with hydrochloric acid: 
the residue is heated with aqua regia. If it is 
completely redissolved, with the exception of 
the separated sulphur, the investigation may 
be considered at an end, the absence of the 
sulphates of the alkaline earths and that of sili- 
cic acid being proved; if a white residue 
remains, this is washed and treated as § 127, 
A, 3, directs. The solution in aqua regia 
is lested with polished copper or with pro- 
tochloride of tin to assure ourselves of the 
presence of mercury, (vide § 117, 2.) The 
chlorine, which must be present, is detected in 
the filtrate of ft as aa directs. 

/3/3. The residue is not black : absence 
of mercury. For the further operation vide 3. 

3. This residue, or, in the case of § 127, A, 2, a, the ori- 
ginal residue is fused in a platinum crucible,* over a spirit 
lamp with a double draught of air, together with four parts 
of carbonate of potash and soda ; the fused mass is soaked 
in water, boiled, filtered, and the residue (if any remain) 
washed until chloride of barium no longer produces any 
precipitate in the water which runs off. (This water must 
not be added to the filtrate. The residue is treated as 4 
directs. The filtrate is supersaturated with hydrochloric 
acid, and a portion of it tested with chloride of barium ; 
the formation of a precipitate indicates the presence of 
sulphates of the alkaline earths. The rest of the 
filtrate is evaporated to dryness and then treated with water ; 
if any residue remains, this consists of silicic acid. 

4. The residue remaining upon boiling the fused 
mass with water, (vide 3,) indicates sulphates of 
THE ALKALINE EARTHS. It is carcfully washcd and then 
treated with hydrochloric acid. It is a certain proof 
of the presence of sulphates of the alkaline earths, if 
it dissolves partly or totally, and with effervescence in 

* A porcelain crucible may be substituted for a platinum crucible, in 
which case, six parts of a mixture of equal parts of dry carbonate of soda 
and cyanide of potassium must be employed, instead of the carbonate of 
potash and soda ; the method in the text is however the best. 
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this menstruum. The hydrochloric solution is tested 
as § 119 directs, beginning at 2, a. If a residue remains 
upon treating with hydrochloric acid, this consists of 
silicic acid or of a sulphate of the alkaline earthjs which 
is not yet completely decomposed. 

B. The residue is not white. Even its colour will 
in that case enable us to draw some conclusions (cinnibar, 
sulphuret of arsenic.) 

1. Test for sulphur as ^ 127, A, 1, directs. 
S. The greater part of the residue is treated with aqua 
regia and boiled ; the solution is filtered whilst still hot, 
and should any residue remain, besides the separated sul- 
phur, this is once more boiled with water, filtered, and this 
second filtrate added to the first. The filtrate is then eva- 
porated nearly to dryness, redissolved in some water, and 
one portion oi the solution tested for lead, with sulphuric 
acid, another portion for mercury by means of polished 
copper. (If a hydrochloric solution has been enaployed in 
testing for bases, (^ 106,) the solution in aqua regia must 
be tested for metals, in the usual way, as various other 
sulphurets, insoluble or sparingly soluble in hydrochloric 
acid, might be present.) 

3. If aqua regia has left any residue undissolved besides 
sulphur, which may have separated, this residue is careful- 
ly washed. If a compound of lead has been present, this 
rinsing process is conducted with hot water and continued 
until the filtrate is no longer blackened by hydrosulphuret 
of ammonia. 

a. The residue is white: a portion of it is tested 
with hydrosulphuret of ammonia. 

«. It becomes black. The entire residue is digest- 
ed with hydrosulphuret of ammonia, and the further 
operation conducted exactly as § 127, A, 2, 6, jS, 
directs. 

/3. It remains white. The residue is treated as 
directed § 127, A, 3. 

6. The residue insoluble in aqua regia, is 
black; this indicates the presence of carbon in some 
form. If it is totally consumed over a lamp, or in the blow- 
pipe flame, nothing besides carbon ii^present ; but if a res- 
idue remains, or if the combustion is hot complete, (carbu- 
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ret of iron graphyte,) we must look moreover for CHi.o&n>is 

OF SILVER, SULPHATES OF THE ALKALINE EARTHS and 

SILICIC ACID ; the residue in that case, is treatq^ as § 127, 
B, 3, a, «| directs. Of acids and electro-negative substan* 
ces CHLORINE and sulphuric acid alone can be present 
besides those already mentioned. To assure ouselves 
whether they are present or not, what remains of the resi- 
due insoluble in hydrochloric acid is digested with hydro- 
sulphuret of ammonia, super^saturated, filtered, and one-half 
of the filtrate boiled with hydrochloric acid, the other half 
with nitric acid ; both solutions are filtered and the hydros- 
chloric fluid is tested with chloride of barium for sulphuric 
acid, the nitric fluid with nitrate of silver for chlorine. 

The insoluble peroxide of tin and oxide of 
CHROMIUM may be detected before the blow-pipe. 
Peroxide of tin, when mixed with carbonate of soda 
and cyanide of potassium, and exposed on charcoal 
to the reducing flame of the blow-pipe, yields a soft 
metallic grain, without incrustation of the support. 
Oxide of chromium, which is, moreover, distinguished 
by its green colour, is treated with microcosmic salt> 
as stated § 87, i, 5, or it is fused together with car- 
bonate of soda and nitre, (vide § 87, ft, 4.) The 
arsenic acid of the insoluble arseniates is detected 
before the blow-pipe or by means of reduction in a 
glass tube. (Vide § 94, d.) To enable us to test for 
the bases, these insoluble arseniates must first be 
decomposed by means of concentrated sulphuric acid- 
Fluoride op calcium is decomposed by concentrated 
sulphuric acid, in a platinum crucible : the fluorine is 
detected by its property of etching glass ; the hme 
remains as sulphate of lime. There are still several 
other compounds which are rendered insoluble in 
acids by being heated to redness ; but it would exceed 
the limits of mis work, to treat of them all. 
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§ 128. 

BPSGIAL METHOD FOR THE DECOMPOSITION OF INSOLUBLE 
GTANIDBS, FEBROCTANIDESy itO* 

Since in treating these compounds according to the 
usual method, fallacious phenomena frequently occur^ and 
since moreorer their solution in acids frequently succeeds 
but imperfecilyj it is advisable to pursue the following 
method, in their analysis. The residue which has been 
freed by water from, all soluble substances is boiled with 
solution of carbonate of potash. 

a. Complete decomposition takes place, which 
is easily detected by the change of colour and the 
rapid deposition of the separated pure or carbonated 
oxides ; the solution is filtered and the residue washed. 
This residue may contain all the bases, which were 
contained in the substance under examination as com* 
pounds insoluble in water. For the determination of 
these bases, the residue is treated exactly as § 106, 
A, 2, directs. A portion of the filtrate is tested for 
CYANOGEN, by mixing it with hydrochloric acid, till 
the reaction becomes strongly acid, and then adding 
solution of the double proto- and per-chloride of iron ; 
if cyanogen be present, Prussian blue precipitates. 
For the detection of the other acids, the rest of the 
filtrate is treated as § 124 directs. This filtrate may, 
moreover, possibly contain all the cobalt, all the iron 
of the substance under examination, besides chromium 
and manganese, since the combinations of their cya- 
nides with other cyanogen compounds, on boiling 
with alkalies, are decomposed in such a manner as 
to cause the separation of insoluble oxides, whilst the 
cobalticyanide of , potassium, ferrocyanide of potas- 
sium, &c., remain in solution. These metals must 
not be disregarded. To detect them, a portion of the 
fluid is mixed with nitric acid greatly in excess, the 
mixture evaporated to dryness and the residue fiised ; 



* The itudent is advised to read the additional remarki to § 138, C(m- 
tained in the tecoiid chapter, pxeyioiia to entering upon this method of 
analysis. 
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should the quantity of the nitre formed not be suffi- 
cient, some must be added whilst fusing the residue. 
The metals, with the exception of chromium, remain 
as oxides, and are separated and detected according 
to the methods given above. The chromium is ob- 
tained as soluble chromate of potash. 

fc. No COMPLETE DECOMPOSITION TAKES PLACE : CaUStic 

potash is added and the mixture boiled. Should any 
residue remain, this is filtered, after tlie previous 
addition of some water, and then dissolved and treated 
as § 106, A, 2, directs. The alkaline filtrate is satu- 
rated with sulphuretted hydrogen. If any precipitate 
be formed, this is again filtered, dissolved in nitric 
acid, and the solution treated as ^ 114,111. directs. 
The filtrated liquor is slightly acidified with hydro- 
chloric acid and sulphuretted hydrogen added should 
it appear necessary. If a precipitate be formed, this 
is treated as § 116 directs. The filtrate is tested for 
cyanogen and the other electro-negative bodies, and 
acids, and for cobalt, iron, manganese, and chromium, 
as § 128, a, directs. (When fusing the residue with 
nitre, according to the method laid down in § 128, a, 
(vide this section from the words, ** These metals 
must not be disregarded," to the end,) besides the 
oxides, alumina is obtained, if any be present ; this 
must be borne in mind.) 

§ 129. 

GENERAL RULES FOR THE DETECTION OF INORGANIC SUB- 
STANCES ; IN CASES WHERE ORGANIC SUBSTANCES ARE 
PRESENT, WHICH BY THEIR COLOUR, CONSISTENCE, OR 
OTHER PROPERTIES, IMPEDE THE APPLICATION OF THE 
REAGENTS, OR RENDER THE PHENOMENA OBSCURE. 

We have already stated in our introductory remarks, 
that cases of this kind are so manifold, that it is impossi- 
ble to lay down a determinate method for every especial 
case; we must, therefore, content ourselves with giving 
only such methods as are applicable in most cases, and 
leaving it to the judgment of the operator to adopt those 
modifications which ne may deem necessary. 
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1. The substance dissolves in water, but is op a dark 
cor.ouR OR has A slimy consistence. 

a. One part of the solution is boiled with hydro- 
chloric acid, and chlorate of potash gradually added 
till the fluid has become discoloured and limpid ; the 
solution is then heated until all odour of chlorine has 
disappeared, diluted with water, and filtered. The 
filtrate is treated after the usual method, beginning at 
§ 115^ 

b. Another portion of the solution is boiled for 
some time with nitric acid, filtered, and the filtrate 
tested for silver, potash, and hydrochloric acid. This 
kind of treatment is frequently preferable to all others 
in such cases where the destruction of the colouring, 
slimy matters, &c., succeeds well by means of nitric 
acid. 

2. The body does not dissolve in boiling water, or dis- 
solves only inpai't. The solutionis filtered, and the filtrate 
treated either as §114 directs, or, if it be necessary to 
destroy the colouring matters which it may contain in ad- 
mixture, as directed § 129, 1. If it is impossible to filter 
the solution, the further operation must be conducted as 
stated ^ 129, 2, c. The nature of the residue may be 
various. 

a. It is greasv. The fatty matters are removed 
by means of ether, and should any residue remain, this 
is treated as § 106 directs. 

6. It is RESINOUS. Alcohol is employed instead 
, of ether, or a mixture of both liquids is used. 

c. It is of another nature, e. g. organic fibrine, . 
&c. The residue insoluble in water is dried, and the 
greater part of it rubbed together with from three to 
four parts of pure nitre; the mixture is gradually 
deflagrated in a red hot crucible. The residue is 
treated as § 106, A, directs. Anothei^ part is boiled 
with aqua regia, the solution filtered and the filtrate 
tested for mercury. The rest is tested for anunonia, 
as § 122 directs. 

11 
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ilSO. 

IV. ^CONFIRMATORY EXPERIMENTS. 

When the Tarious basesi acids, and electro-negatire 
bodie8| present in the substance under examination have 
been detected, it is, in many cases, advisable^ in others 
absolutely necessary^ to yeriiy our conclusions. In many 
cases this is easily accomplished, since certain substances 
have such characteristic reactions that their presence or 
absence may at once be determined, although many other 
substances are present at the same time. But many sub- 
stances have not such characteristic reactions, in which 
cases we must satisfy ourselyes by a strict and minute 
examination, and by varying our processes^ determine 
whether the phenomena usually inaicating the presence 
of a substance, do not proceed from extraneous causes. 

Thus ammonia may be erroneously supposed to be pre- 
sent in a substance, whilst it is in fact derived from the 
atmosohere of the laboratory, &c. 

In tne course of this work we have pointed out those 
reactions which may be sought as confirmatory proofs, 
and the precautions necessary to secure the purity of our 
residents. 



CHAPTER IL 

SXPLANATOJIY NOTES AND ADDITIONS TO THE 

PRACTICAL COURSE. 

h RtVAHXS •M TBI PXBLIVINARY XXAMINATIOll. 

$106. 

The sensible qualities of bodies, as I before remarkedi 
may often enable us at once to deduce certain general con- 
clusions, as to their nature, at least negatively. Thus, a 
white powder cannot be cinnabari a light flocculent body 



i 
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cannot be a compound of lead, &c. But the student must 
bevrare of forming opinions prematurely, respecting the 
nature of a body from its sensible properties only, lest it 
ffive rise to such preconceptions as may lead him to draw 
fallacious conclusions from the reactions which manifest 
themselves afterwards in the course of the real exam- 
ination. 

In the examination of bodies, at a high temperature, 
small glass tubes may be often advantageously substituted 
for a metallic spoon, since they enable us to observe any 
substance which may volatilize in the process ; biit as a 
new tube is needed, in every experiment, the metallic 
spoons may serve in ordinary practice. 

With respect to the blow-pipe examination, the student 
must avoid drawing positive conclusions untU he has ac- 
quired a certain degree of experience, from practice ; a 
slight incrustation may not imply the presence of a metal, 
nor his inability to effect a reduction or to produce a colour 
by solution of cobalt, the absence of a substance sought. 
The blow-pipe phenomena are, indeed, in most cases 
unerring, but they are easily modified by adventitious 
circumstances. 

The preliminary examination is in no case to be passed 
over by the student. 

II. Additional hem arks upon, solution, &c. 

§ 106. 

There is some difficulty in determining the limits of the 
two classes of bodies, soluble and insoluble, since these 
terms are but relative, and we use the phrases easily^ and 
sparingly, or difficultly soluble ; and, indeed, these two 
classes merge into each other. Sulphate of Ume which 
is soluble in four hundred and sixty*one parts of water 
might perhaps serve as a limit between these two classes, 
since it may still be distinctly detected in aqueous solu^ 
tions by means of the very susceptible reagents which we 
possess for lime and sulphuric acid. 

When examining an aqueous fluid by evaporating a 
few drops of it upon a platinum plate, there remains some- 
times a Tery minute residue^ which leaves us in doubt as 



256 JLDSITIONAI. REUARKf . 

to the nature of the substance ; in this case the fluid must, 
1 sty be tested with litmus papers ; 2dy one drop of solu- 
tion of chloride of barium added to a portion of it ; and, 
lastly, some carbonate of potash added to another portion. 
If these tests produce no alteration, it is unnecessary to 
examine it furtner for acids or bases. We may, in such 
cases, feel certain, that the substance of which the residue 
remaining upon evaporation consists, will be better de- 
tected amongst the oodies insoluble in water, since both 
the acids and bases, which principally form sparingly solu- 
ble compomids, are sensibly indicated by the above-men- 
tioned tests. 

If water has dissolved any portion of the substance 
under examination, the student will always do well to exa- 
mine separately this solution for acids and bases, as this 
will permit him to detect the nature of the compound under 
examination with greater facility, and, moreover, will ren- 
der his conclusions the safer, which advantages will coun- 
terbalance the disadvantage of meeting sometimes with 
the same substance in the aqueous and in the acid 
solution. 

The following substances are insoluble in water, but 
soluble in hydrochloric acid or in nitric acid, (with some 
exceptions,) the phosphates, arseniates, arsenites, borates, 
carbonates, and oxalates of the earths and metals ; and 
also several tartrates, citrates, malates, benzoatest and suc- 
cinates, the oxides and sulphurets of the heavy metals, 
alumina, magnesia, many metallic iodides and cyanides, 
&c. Nearly all of these compounds are decomposed, if 
not by dilute, yet by boiling concentrated hydrochloric 
acid, (for the exceptions vide § 127,) but this decomposi- 
tion gives rise to the formation of insoluble compounds 
when oxide of silver is present, and of sparingly soluble 
compounds in the presence of protoxide of mercury and 
lead. This is not tne case with nitric acid, and thus we 
often effect a complete solution by its means in cases 
where hydrochloric acid has left a residue. But nitric 
acid, besides the substances insoluble in simple acids, 
leaves also oxide of antimony, peroxide of tin, peroxide of 
lead, &c. undissolved, whilst it dissolves many other sub- 
stances more or less completely. When, Aerefore, the 
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compound under examination is not completely dissolved 
by nitric acid, (with the exception of sulphur, which may 
have separated,) we must in the course of analysis again 
haYe recourse to the hydrochloric solution, in order to 
assign exact limits in some measure to the third class of 
substances, viz. those bodies which are insoluble in water 
and simple acids. 

With regard to the solution of pure metals or alloys, we 
must remark, that white precipitates frequently are mrmed 
upon boiling with nitric acid, though no tin or antimony be 
present. Inexperienced students often confound these 
precipitates with the oxides of these two metals, although 
their external appearance is quite diflferent. These preci 
pitates consist of nitrates sparingly soluble in the nitric 
acid present, but of easy solution in water. Consequently, 
before we can pronounce these precipitates to consist of 
tin or antimony, we must previously ascertain whether 
they are soluble in water. 

III. Additional remarks upon the reai. examination. ] 

From § L07 to § 129. 

A. General stjrvst and explanation of the analytical 

COURSE, 
a. DETECTION OF THE BASES. 

We have divided the bases into six groups, (vide Chap- 
ter III. Part I.) and explained the method of detecting and 
isolating the individual bases. These objects we have kept 
in view in the practical course, and as a correct apprehen- 
sion of this is of primary importance* we subjoin a brief 
explanation of the grounds of our division, — a key. as it 
were, to the analytical course of study, so far as those 
bases are concerned. The general reagents which we 
employ in the course of analysis to divide the bases into 
principal groups, are hydrochloric acid, sulphuretted 
hydrogen, hydrosulphuret of ammonia, and carbonate 
OF AMMONIA ; this is also the order of succession in which 
they are employed. Hydrosulphuret of ammonia performs 
a double part. 

Let us suppose we have in solution all the bases» arse* 
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nious acidt and phoephate of lime» (which latter may senre 
as a type for the 8alt9 of the alkaline earths, solable in 
acids, ixA precipitated by ammoniai unaltered.) 

Chlorine forms insoluble compounds with siWer and 
mercury alone , chloride of lead is sparingly soluble in 
water. The insoluble protochloride of mercury corres* 
ponds with the protoxioe of mercury. If, therefore, we 
c dd to our solution * 

1. Hydrochloric add^ we remoye from the solution the 
metallic oxides of the first secticm of the fifth group, yiz. 
the ozinx or silver and the protozidb or mercury. A 
portion of the lbad> alsoi may, perhaps, precipitate as chlo- 
ride of lead, should the solution be cc^centrated ; this is, 
however, immaterial, as a suJBEicient quantity of the lead 
remains in solution as to admit of its detection afterwards^ 

Sulphuretted hydrogen precipitates the oxides of the 
fifth and sixth group ccnnpletely firom solutions containing 
a free minerid acid, as boUi the affinity which the metallic 
radicals of these oxides have for sulphur, and that which 
hydrogen possesses for oxygen, are so powerful as to 
overcome the affinity between the metal and oxygen, 
together with that between the oxide and a strong acid, 

BVBN THOUGH THB ACID BE PRESENT IN EXCESS. But 

none of the. other bases are precipitated under those 
circumstances, the bases of 'the first, second, and third 

Soup forming no sulphur compounds insoluble in water ; 
ose of the murth group are not precipitated, because the 
affinity which their metallic radicals possess for sulphur, 
tpgetner with that manifested by hydrogen for oxygen, are 
not sufficiently powerful to overcome that of the metal 
for oxygen, and of the oxide for a strong acid, if the 

I.ATTER IS not PRESENT IN EXCESS. 

If, therefore, after the removal of oxide of silver and of 
p toxide of mercury, by means of hydrochloric acid, we 
add to our solution, (which still contains free hydrochloric 
acid ) 

2f Sulphuretted hydrogen : we remove from it the rest 
of the oxides of the fifth, together with those of the sixth 

group, viz. OXIDE OF LEAD, PEROXIDE OF MERCITRT, OXIDE 
OF COPPER, OXIDE OF BISMUTH, OXIDE OF CADMIUM, PEROX* 
IDE OF aOLD, PEROXIDE OF PIATINUM, PROTOXIDE OF TIN, 
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PBR0ZI9B OF tin;, OXIDB OF ANTIMONT, ARSENIOUS ACID, 

and ARSENIC acid. All the other oxides remain in sola* 
tion, either unaltered or reduced to a lower degree of oxi- 
datioui e. g. peroxide of iron, chromic acid^ &c. 

The sulphurets corresponding with the oxides of tho 
sixth group have the property of combining with electro* 
positive metallic sulphurets (the sulphurets of the alkali 
metals) forming sulpnur salts soluble in water, whilst the 
sulphurets corresponding with the oxides of 'the fifth group 
do not possess this property. If, therefore, we treat all 
the sulphurets precipitated by sulphuretted hydrogen from 
acid solution, with 

3. Hydrosulphuret of ammonia^ or sulphuret of potas 
siunif the bisulphurets of mercury, lead, copper, bismuthy 
and cadmium will remain undissolved, whilst the other 
bisulphurets are dissolved as the double sulphurets of 
GOLD, PLATINUM, ANTIMONY, TIN, ARSENIC, and ammouium 
or potassium, and from this solution they are precipitated 
upon the addition of an acid, either unaltered, or having 
acquired a higher degree of sulphuration, by receiving 
sulphur from the hydrosulphuret of ammonia, (sulphuret 
of tin.) In this process the acid decomposes the sulphur 
salt formed. The sulphur base (hydrosulphuret of am- 
monia or sulphuret of potassium) is decomposed at the ex- 
pense of the constituents of decomposed water, into an 
oxygen base (ammonia or potash) and sulphuretted hydro- 
gen ; the former combines with the acid added, the latter 
escapes, and the liberated electro-negative sulphur pre- 
cipitates. (If the acid is an hydracid, its radical combmes 
with the ammonium and its hydrogen with the sulphur.) 
Sulphur precipitates at the same time, the hydrosulphuret 
of. ammonia always containing sulphur in excess. This 
sulphur renders the colour of the precipitated sulphurets 
lighter, which must be always borne in mind, when deter- 
mining their nature. 

Of the oxides still in solution, the alkalies, the alkaline 
earths, alumina and oxide of chromium have remained 8o> 
because their sulphur compounds are soluble in water, or 
because their salts are not at all affected by sulphuretted 
hydrogen ; the oxides of the fourth group would have been 
precipitated by sulphuretted hydrogen, had not the free 
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acid present prevented their precipitation, as their corre- 
sponding sulphur compounds are insoluble in water. If, 
therefore, this free acid be removed, i. e. if the solution be 
made alkaline and sulphuretted hydrogen added, or if, what 
answers both purposes at once, 

4. Hydrosulphuret of ammonia be added to the solu- 
tion, the sulpliurets corresponding with the oxides of the 
fourth group are precipitated, viz. : sulphuret of vsioff, 

SULFHUKET OF MANGANESE, SULPHURET OF COBALT, SUI.' 

PHURET OF NICKEL, and SULPHURET OF ZINC, and at the 
same time, alumina, oxide of chromium, and phosphate 
OF lime, are precipitated, the affinity which the ammonia 
possesses for the acid of the salt of oxide of chromium or 
of aluminai or for the acid which keeps the phosphate of 
lime in solution, causing decomposition of the water and 
subsequently formation of oxide of ammonium and of 
sulphuretted hydrogen. The former combines with the 
acid, the latter escapes, incapable of entering into com- 
bination with the oxides deprived of their acids or with 
the phosphate of lime, — the oxides and the limesalt preci- 
pitate. We have now remaining in solution only the 
alkaline earths and the alkahes. The neutral carbonates 
of the former are insoluble in water, whilst those of the 
latter are soluble. If, therefore, we add 

5. Carbonate of ammonia and apply heat, in order to 
decompose acid carbonates which may, peradventufey have 
been formed, all the alkaline earths ought to precipitate. 
This is, however, the case only as regards barytes, 
STRONTiAN, and LIME ) of magnesia we know that, owing 
to its disposition of forming double compounds with 
ammoniacd salts, it precipitates onjy in part, or, not at 
all, in presence of another ammoniacal salt. To avoid 
this uncertainty, sal ammoniac is added previous to the 
addition of carbonate of ammonia, in order completely to 
prevent -the precipitation of magnesia. 

We have now still in solution, magnesia and the alkalies ; 
of the presence of magnesia we may assure ourselves by 
means of phosphate of soda and ammonia ; but for its 
separation we pursue a different way, since the presence 
of phosphoric acid would impede the further progress of 
the. analysis. The process which we employ is based 



DETECTION OF THE ACIDS. 261 

either upon magnesia being insoluble in its pure state or as a 
carbonate. The substance undensxamination is heated to 
redness in order to expel the ammoniacal salts, and the 
magnesia is then either precipitated by means of barytes 
Tvhiist the alkalies remain in solution ; or the substance is 
heated to redness, with the addition of sulphuric acid, and 
the sulphates formed are by decomposition with acetate of 
barytes, converted into acetates, and these, by the applica- 
tion of a red heat, into carbonates ; upon treating these 
latter with water, carbonate of magnesia remains, whilst 
the alkaline carbonates are dissolved. A fresh specimen 
must, of course, be employed for the detection of ammonia. 

b, DETECTION OF THE ACIDS. 

Previous to entering upon the examination for acids and 
electro-negative substances, we must first consider which 
of these bodies may and which of them cannot be present 
according to the detected bases, and accordingly to the 
solubility of tlie substances under examination ; thus we 
shall avoid making unnecessary experiments. A table 
useful for this purpose, will be found in the appendix. 
The general reagents employed for the detection of acids 
are, for the inorganic acids, chloride of barium and 
NITRATE of SILVER ; for the organic acids, chloride of 
CALCIUM and perchloride of iron. It is, therefore, in- 
dispensable, first to assure ourselves whether we have 
to operate upon a substance containing inorganic acids 
alone, or organic acids alone, or both together. When 
examining for bases, the general reagents serve for the 
real separation of the various groups of bases from each 
other ; in the examination for acids, we only use them to 
assure ourselves of the presence or absence of the acids 
belonging to the different groups. 

Let us suppose we have in an aqueous solution all the 
acids we have treated of in the present work, combined, 
for instance, with soda. 

Barytes form insqjuble compounds with sulphuric acid, 
phosphoric acid, arsenious acid, arsenic acid, carbonic 
acid, silicic acid, boracic acid, chromic acid, oxalic acid, 
tartaric acid, and citric acid ; these compounds are soluble 
in hydrochloric acid, with the exception of sulphate of 
11* 
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barytes. If| therefore, to a portion of our neutral or neu* 
tralized solution, we add 

1. Chloride of barium^ the presence of at least one of 
these acids will immediately become manifest. Upon 
treating the precipitate formed with hydrochloric acid, the 
presence of sulphuric add will be detected, as all the salts 
of barytes are soluble in this menstruumi with the excep- 
tion 01 the sulphate. When sulphate of barytes is present, 
the reaction with chloride of barium does not enable us to 
detect all the other acids enumerated with safety. For 
upon filtering the hydrochloric solution of the precipitates 
and supersaturating, with ammonia, the borate, tartrate, 
citrate, &c. of barytes do not precipitate again, being kept 
in solution by the sal ammoniac formed. Chloride of ba- 
rium, therefore, cannot be employed to separate the indi- 
yidual acids from each other, and thus is of no use for their 
individual detection, except for that of sulphuric acid. It 
is, however, of great importance as a reagent, since the 
non-formation of a precipitate in neutral or alkaline solu- 
tions, upon its application proves at once the absence of 
a considerable number of acids. 

Silver forms compounds insoluble in water, with chlo- 
rine, iodine, bromine and cyanogen ; and oxide of silvery 
with phosphoric acid, arsenious acid, arsenic acid, boracic 
acid, chromic acid, silicic acid, oxalic acid, tartaric acid, 
and citric acid. All these compounds are soluble in am- 
monia, with the exception of iodide of silver, and in nitric 
acid, with the exception of iodide, chloride, bromide, and 
cyanide of silver. If, therefore, we add to our solution 
(which must be completely neutral,) 

2, Nitrate of silver^ we detect immediately the pre* 
sence of one or several of the acid« enumerated ; chromic 
acid, arsenic acid, and several other acids, the silver salts 
of which are coloured, may even be individually detected 
with a certain degree of safety, by the colour of their pre- 
cipitates. If we add nitric acicl to the precipitate, we 
detect the presence of the haloid Gi)mpounds, as these 
remain undissolved, whilst the oxide salts are dissolved. 
The complete separation and individual detection of those 
acids which form insoluble compounds with oxides of 
•ilver, are prevented by the same cause which renders the 
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individual detection of acids by chloride of barium unsafe. 
For the ammoniacal salt formed prevents the reprecipita- 
tion by ammonia, of several salts of silver, from the acid 
solution ; nitrate of silver serves us, therefore, besides de* 
tecting chlorine, iodine, bromine, and cyanogen, and indi* 
eating chromic acid, &c., especially to prove at once the 
absence of many acids, if it produces no precipitate in neu- 
tral solutions. The behaviour of solutions under exami- 
nation with chloride of barium and with nitrate of silver, 
therefore, points out at once what course we have further 
to pursue in our investigation. Thus, for instance, if 
chloride of barium has produced a precipitate, whilst we 
have obtained none by nitrate of silver, it is not necessary 
to test for phosphoric acid, chromic acid, boracic acidfy 
silicic acid, arsenious acid, arsenic acid, oxalic acid, tarta* 
ric acid, and citric acid, provided always that the solution 
does not already contain ammoniacal salts. The same is 
the case if we obtain a precipitate by nitrate of silver, but 
none by chloride of barium. Returning to our first sup- 
position, viz., that all acids are present in the compound 
under examination, we have thus detected chlorinb, 
BROMINE, iodine, and cyanogen, (for their separation and 
individual detection, vide i 100,) as well as svLPHunic 
ACID, and we have reason further to test for all the other 
acids precipitated by these two reagents. , Their detection 
is based upon the results of special experiments, which 
have already been explained in the course of the present 
work : the same applies to the other inorganic acids, and 
thus also to nitric acid and chloric acid. 

Of the organic acids, oxalic acid, tartaric acid» and 
paratartaric acid, are precipitated by chloride of calcium, 
from aqueous solutions, at a low temperature, even in the 
presence of sal ammoniac ; but the precipitation of citrate 
of lime is prevented by the presence of ammoniacal salts, 
and takes place only upon boiling or upon mixing the so- 
lution with alcohol ; the latter means is also emp^loyed for 
the separation of oxalic lime from aqueous solutions. If, 
therefore, we add to our solution, 

3. Chloride of calcium and sal amrnoniact oxxuc xctD, 
TARTARIC ACID, and PARATARTARIC ACID are precipitated* 
but the lime-salts of several inorganic acids, which have 
not yet been separated, precipitate at the same time (phos- 
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J)liate of lime, for instance.) We must, therefore, select, 
or the individual detection of the precipitated organic 
acids, such reactions only as do not admit the possibility 
of confounding the organic acids with the inorganic acids 
precipitated at the same time. For the detection of oxalic 
acid we thus select solution of gypsum, with the addition 
of acetic acid, (§ 98, c, 4,) for the detection of tartaric and 
paratartaric acid ; we treat the precipitate produced by 
chloride of calcium, with solution of potash, since the lime- 
salts of tliese two acids alone dissolve in this menstruum, at 
a low temperature, whilst all the other insoluble lime-salts 
remain undissolved. 

Of the organic acids we have now still in solution citric 
acid and malic acid, succinic acid and benzoic acid, acetic 
acid and formic acid. Citric acid and malic acid pre- 
cipitate upon alcohol being added to the fluid filtered off 
from the oxalate, tartrate, &c., of lime, and which contains 
still chloride of calcium in excess. Sulphate and borate 
of lime always precipitate together with the malate and 
citrate of lime, ii sulphuric acid and boracic acid are pre- 
sent ; we must, therefore, carefully guard against con- 
founding the lime precipitates of these acids with those of 
citric acid and malic acid. The alcohol is then removed 
by evaporation, and 

4. Perchloride of iron added ; this precipitates suc- 
cinic ACID and BENZOIC ACID in combination with pe- 
roxide of iron, whilst formic acid and acetic acid re- 
main in solution. The methods for the further separation 
of the groups and the reactions whereupon the detection 
of the individual acids depends, have already been de- 
scribed. 

B. Special and additional remarks upon the 

SYSTEMATIC COURSE OP ANALYSIS. 

§ 114. 

We have at the beginning of § 114, given the instruc- 
tion to mix neutral or acid aqueous solutions with hydro-, 
chloric acid. This acid must be added drop by drop. If 
no precipitate is formed, a few drops are sufficient ; if a 
precipitate is formed, the acid must be added until the pre- 
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cipitate ceases to increase and the fluid has acquired a dis- 
tinct acid reaction. The addition of a large proportion of 
hydrochloric acid is not only unnecessary, but injurious. 
The precipitate produced by hydrochloric acid in neutral 
or acid solutions may consist of chloride of silver, proto- 
chloride of mercury, chloride of lead, and a basic salt of 
antimony. The two latter substances redissolve upon 
diluting and heating the acid fluid, and thus the non-solu- 
tion of the precipitate upon the application of these pro- 
cesses, is an indication of the probable presence of chloride 
of silver or protochloride of mercury. Should compounds 
of antimony or bismuth be present, this dilution with water 
will separate from them insokible basic salts in a state of 
most minute division ; these must be redissolved by the 
addition of hydrochloric acid, before we can draw any cor- 
rect conclusion from the remaining or disappearing of the 
precipitate produced by hydrochloric acid. If we have to 
operate upon an alkaline solution, the hydrochloric acid 
must be added, untilthe fluid manifests a strong acid re- 
action. A great excess of the acid must, .however, be 
avoided. The substance which causes the alkaline reac- 
tion of the fluid, is neutralized by the hydrochloric acid, 
and the bodies combined with it, or dissolved in it, se- 
parate. If the alkali present was in a free state, oxide of 
zinc, for instance, alumina, &c., may be precipitated. But 
these redissolve in an excess of the hydrochloric acid, 
whilst chloride of silver, if present, will not redissolve, and 
chloride of lead only sparingly. If a metallic sulphur salt 
be the cause of the alkaline reaction, the electro-iiegalive 
sulphuret (e. g. sulphuret of .antimony) will precipitate, on 
the addition of the hydrochloric acid ; whilst the electro- 
positive sulphuret, (e. g. sulphuret of sodium) will form 
chloride of sodium, and sulphuretted hydrogen, with the 
constituents of hydrochloric acid. If an alkaline carbonate, 
or an alkaline sulphuret, be the cause of the alkaline reac- 
tion, carbonic acid or sulphuretted hydrogen will escape. 
All these phenomena ought to be carefully observed, for 
they not merely point out the presence of the relative sub- 
stance, but also exclude entire series of substances from 
the further examination. 
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§ 115. 

We have already had occasion to remark, that upon add- 
ing a reagent (e. g. sulphuretted hydrogen) to a fluid un- 
der examination, a precipitate may or may not ensue. If 
a precipitate is formed, this may be, a, white, 6, yellow, c, 
orange, d, brown or black. Every one of these various 
cases is a different answer given to the question put by 
means of the reagent, and every answer has a different 
meaning. An accurate distinction of the individual case is, 
therefore, indispensable. Any error here must prevent the 
student from obtaining correct results. 

The colour of the precipitate is almost invariably point- 
ed out as a criterion in the systematic course of analysis. 
We may presume that a darker precipitate will sometimes 
conceal one of a lighter colour, and thus, e. g. that yellow 
sulphurct of arsenic may be present, invisible in a preci- 
pitate of black sulphuret of mercury ; and so we may al- 
so conclude that no dark precipitate can be contained in 
a light-coloured one, e. g. no black precipitate in a white. 
These conclosions cannot, however, always be drawn with 
the same degree of safety, all colours not contrasting so 
pointedly with each other as black and white ; but many 
of them rather merging into each other, e. g. yellow and 
orange. Whenever the colour of the precipitate admits 
of any doubt as to its nature, it is always advisable to pur- 
sue that course which the darker of the colours in question 
indicates, since in this regard has been had to all the me- 
tals which can possibly have precipitated, whilst in tlie 
other the metallic precipitates of darker colour are disre- 
garded. The safer way is always to be preferred, although 
It may be the more protracted. 

A judicious distribution and economy of time is especial- 
ly to be studied in the practice of analysis ; many of the 
operations may be carried on simultaneously, which the 
student will readily perceive and arrange for himself. 

In such cases* where we have before us only metallic 
oxides of the sixth group, (e. g. oxide of antimony,) and ox- 
ides of the fourth group, (e- g. the oxides of iron,) it is not 
necessary for their separation to precipitate them from 
acidified solutions by means of sulpnu retted hydrogen, but 
we may at once add hydrosulphuret of ammonia in excess 
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to the neutralized solution. The sulphuret of iron, &;c.y 

i?vill then be obtained in a precipitate, whilst the antimcHiy, 

&c.| will remain in solution, from which, upon the adai< 

lion of an acid, it will immediately precipitate a sulphuret 

of antimony. This method has tne advantage of rendering 

the fluid less dilute than when sulphuretted hydrogen is 

employed, and moreover of facilitating and accelerating the 

operation. 

§ 116. 

When digesting the precipitates produced by sulphuret- 
ted hydrogen from acid solutions, with hydrosulphuret of 
ammonia, it is indispensable to apply this latter reagent 
in a correct proportion. A small quantity is generally 
sufficient, but if sulphuret of tin be present, a somewhat 
larger amount must be employed. Inexperienced students, 
however, use so much of it, that, upon the addition of an 
acid, sulphur precipitates to such an amount that the colour 
of the metallic sulphuret, which precipitates at the same 
time, is quite obscured and concealed by it. The separa- 
tion and individual detection of oxide of antimony, peroxide 
of tin, and arsenic, is not very easy if all three oxides have 
been precipitated as sulphurets. Inexperienced students 
will find it difficult safely to detect and separate them be- 
fore the blow-pipe. Of the many methods applicable for 
the distinction of these three metals, that given at § 116 
has been proved the safest by experience. If sulphuret of 
arsenic, sulphuret of antimony, and sulphuret of tin, are 
deflagrated with nitre in excess, and carbonate of soda, the 
metals and the sulphur oxidize at the expense of the oxygen 
of the nitric acid : we have, therefore, in the fused mass 
alkaline arseniate, antimoniate, sulphate, and stannate, be- 
sides excess of nitre and carbonate of soda. On treating 
with water, the alkaline sulphate and arseniate are dissolv- 
ed ; the alkaline antimoniate is decomposed ; an insoluble 
acid salt remains, whilst a small amount of antimonic acid 
is dissolved in the form of a basic salt. A portion of the 
peroxide of tin also dissolves in the carbonated alkali pre- 
sent. If boiling water is employed, the amount of the 
di ssolved antimonic acid and peroxide of tin is not inconsi- 
derable, whilst it is but minute in cold water ; the latter is, 
therefore, preferable to boiling water in this operation. If 
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the alkaline solution obtained is then saturated with nitric 
acid, and heat applied, the dissolved peroxide of tin and 
antimonic acid precipitate ; but this precipitate is never 
free from arsenic. This will show how caiefuUy we ought 
to avoid getting much peroxide of tin or antimonic acid in 
solution. In the fluid saturated with nitric acid, or slightly 
acidified, filtered off from the precipitate formed, we have 
now still arseniated and sulphated alkali. One portion of 
this fluid is tested, as stated ^116, with solution of silver and 
ammonia, and another portion with solution of lead. Since 
the fluid must be perfectly neutral to render the arseniate of 
silver visible, and since it is not always easy to hit upon 
the exact neutralization point, the fluid, after the addition of 
the solution of silver, is covered with a layer of dilute am- 
monia. This is the easiest method of producing a precip- 
itate when but small quantities of arsenic are present. On 
the precipitation with solution of acetate of lead, we obtain 
a mixture of sulphate and arseniate of oxide of lead. The 
presence of the sulphate of lead renders the quantity of the 
precipitate greater, and thus its collection and lestine before 
the blow-pipe more easy ; it, moreover, increases the bulk 
of the button obtained. Though by means of these reac- 
tions the presence of arsenic may be proved beyond doubt, 
yet the production of metallic crusts is the safest test. 

If the residue remaining upon treating the deflagrated 
mass with water, and which is to be examined for tin and 
antimony, be not carefully washed, and thus freed from all 
the nitre still adhering to it, previous to fusing with cyan- 
ide of potassium, explosions will take place, (§ 101, a, 3,) 
whereby not only the test specimens are thrown off, but the 
operator himself may meet with some injury. 

§ 117. 

If the sulphurets of the second section of the fifth group 
are heated to the boiling point with nitric acid, lead, bismuth, 
copper, and cadmium, oxidize at the expense of a portion 
of the nitric acid, which decomposes into nitric oxide and 
oxygen, the- sulphur separates, and the oxides formed com- 
bine with another portion of the nitric acid, forming soluble 
laitrates. Sulphuret of mercury is not decomposed by 
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nitric acid, provided no chloride be present at the same 
time, owing to imperfect rinsing. Ammonia decomposes 
all the metallic nitrate dissolved. But the oxides of lead 
and bisiauth are insoluble in an excess of ammonia, whilst 
those of cadmium and copper are dissolved by this reagent. 
Ammonia. therefore, afifords us a means of testing the solu- 
tion for the presence of the oxides of lead and bismuth, as 
i?vell as of precipitating and separating them from it. The 
presence of oxide of copper is also detected by this rea- 
gent ; the ammonia-nitrate of copper, which is formed upon 
its addition to the fluid under examination, imparting a 
blue colour to the fluid. The causes whereupon the fur- 
ther separation and detection of the four metals in question 
depends, have already been sufiiciently explained at § 91, 
(recapitulation and remarks.) With regard to the detec- 
tion of bismuth, it must be remarked, that it never suc- 
ceeds if the excess of acid present is not as slight as 
possible ; this is best attained in the manner described { 
117. But if the operator evaporates only nearly to dryness, 
so much acid frequently remains present, that the separa- 
tion of a basic salt cannot be accomplished. 

Besides the method given at § 91, (recapitulation and 
remarks,) and at § 117, for the distinction of cadmium, 
copper, lead, and bismuth, the following method also 
leads with great safety to the desired end. Carbonate of 
potash is added to the nitric solution as long as any preci- 
pitation takes place ; solution of cyanide of potassium in 
excess is then added, and heat applied. Lead and bis- 
muth are hereby completely separated as carbonates, whilst 
copper and cadmium are obtained in solution as the double 
cyanides of copper and potassium, and cadmium and pot- 
assium. Lead and bismuth may then easily be separated 
by means of sulphuric acid ; copper and cadmium, by 
adding to the solution of their cyanides in cyanide of pot- 
assium) sulphuretted hydrogen in excess, and applying 
heat ; some more cyanide of potassium must then be 
added to redissolve the sulphuret of copper, which, perad- 
venture, may also have precipitated. A yellow precipitate 
of sulphuret of cadmium, insoluble in cyanide of potas- 
sium, indicates cadmium. The fluid is filtered off, and 
hydrochloric acid added to the filtrate ; the formation of a 
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black precipitate of sulphuret of copper indicates copper. 
The presence of mercury is indeed already proved by a 
black residue remaining, upon heating the sulphurets -with 
nitric acid. A more minute examination of any« residue 
remaining upon boiUnff with nitric acid, is, however, neces- 
saryi always provided this residue be not pure yellow 
sulphur, which in most cases floats on the surface of the 
fluid. The reasons for this further examination are the 
following : separated sulphur frequently envelops, small 
particles of the other black sulphurets, and for this reasoa 
appears black here and there. Sulphuret of mercury, 
moreoveri may, under certain circumstances, lose its black 
colour, and the precipitate in that case be confounded with 
sulphate of leaa, (into which substance a portion of the 
sulphuret of lead present is in most cases converted,) or 
witn pertoxide of tin, (which may have been formed by 
the action of nitric acid upon sulphuret of tin present, and 
not completely removed by hydrosulphurel of ammonia. 
The test with polished copper is the most convenient, and 
yields the quickest result. It must, however, be remarked, 
that errors occur more frequently, when employing this 
test, than when we select the reaction with protochloride 
of tin. When employing the latter reagent, we must 
especially assure ourselves of its being still undecomposed, 
and of the solution of mercury containing no nitric acid. 
If after the method described:, the protoxide of mercury 
has first been separated by hydrochloric acid, and a preci- 
pitate of sulphuret of mercury is formed, upon the addition 
of sulphuretted hydrogen, this corresponds always with 
the peroxide and perchloride, &c. of mercury. If we have 
to operate upon an aqueous solution, or a solution in very 
dilute hydrochloric acid, it existed as such in the original 
substance. But when we have a nitric solution before us, 
it may have originally existed as protoxide, and subse- 
quently acquired a higher degree of oxidation. 

§ 118. 

The precipitate produced by hydrosulphuret of ammo- 
nia, may (as we have already stated, page 259) consist of 
sulphurets, of oxides, and of the phosphates of the alkaline 



▲BDITIOKJU. SMMiUXS, 871 

earthsy phcNEiphate of alumina, oxalate of lime (barytes and 
strontian.) The borates of the alkaline earths and the 
oxalate of magnesia would, moreover, be precipitated, but 
they remain in solution) owins to the sal ammoniac formed 
in the fluid or added to it. Upon dissolring the precipitate 
iri hydrochloric acid, or in aqua regia, the metallic sul" 
phurets and the hydrated oxides are conrerted into soluble 
chlorides, whilst the phosphates and oxalates dissolve 
ivithout decomposition. If to this acid solution, ammonia 
is added, the phosphates and oxalates are re-precipitated, 
and, together with them, alumina, oxide of chromium, and 
peroxide of iron fall down, as these do not (like the oxides 
of manganese, nickel, cobalt, and zinc) form soluble double 
compounds with ammoniacal salts. This precipitation by 
ammonia, in presence of sal ammoniac, is the base where- 
on the further distinction and individual detection of the 
substances enumerated depends. At this result we may 
also arrive by merely adding sal ammoniac and ammonia in 
excess to the fluid filtered from the precipitate produced 
by sulphuretted hydrogen, after having expelled the excess 
oi sulphuretted hydrogen by boiling, and converted the 
iron which, peradventure, may be present, into peroxide 
of iron, by heating with nitric acid. We obtain thus, of 
course, the peroxide of iron, the alumina, oxide of chro* 
mium, and the phosphates, &c., of the alkaline earths 
alone in the precipitate, whilst the manganese, cobalt, 
nickel, and zinc, are contained in the fluid which runs ofi*, 
and may then be precipitated by means of hydrosulphuret 
of ammonia. Under certain circumstances this method is 
preferable to the first, and may then be employed with 
advantage ; but in general it requires more time than the 
other. With regard to the further detection of nickel, 
cobalt, manganese, and zinc, we have nothing to add to 
§ 1 18, 2, except that 'ammoniacal salts must not be present, 
if the separation of these four metals from each other is to 
succeed after the method described at § 118, 2. But as 
the separation of manganese, nickel, &c., from iron, &:c., 
depends upon the presence of ammoniacal salts, these must 
be removed either by evaporating the solution and heating 
th residue to redness, or by precipitating these four me- 
tals again by hydrosulphuret of ammonia, (which latter 
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method generally is preferable to the former.) The pre- 
cipitate of the metallic sulphurets must, of course, be 
carefully washed. The separation of the peroxide of iron, 
and of the phosphates and oxalates of the alkaline earths 
from alumina and oxide of chromium rests upon the solu- 
bility of the latter and the insolubility of the lonuer com- 
pounds, in caustic potash ; and that of peroxide of iron 
from the salts of the alkaline earths, upon the circumstance 
that the precipitation of the former is prevented by adding 
tartaric acid to the acid solution, previous to the addition 
of ammonia, which is not the case with the latter. (Vide 
recap, and rem. to § 88.) 

§127. 

The third class of substances also has no strictly defina- 
ble limits, as the solubility or insolubility of several com- 
pounds belonging to it, depends very much upon the 
quantity and concentration of the acid and the time of 
boiling. Besides the diflScullly soluble substances enu- 
merated, we must especially look for many metallic sul- 
phurets and iodides, which also only dissolve after some 
time in Concentrated hydrochloric acid, at a high tempera- 
ture. If a substance is dissolved in nitric acid after long 
boiling, we must not conclude that protochloride of mercury 
is absent, since this substance, as we have already stated, 
is converted in this process into pemitrate of mercury and 
perchloride of mercury, and is^thus dissolved. 

Chloride of silver, protochloride of mercury, and chlo- 
ride of lead may have been present in the original com- 
pound as such, or may have been formed upon treating 
with hydrochloric acid. The presence of chloride of lead 
has in that case already been detected in the aqueous solu- 
tion ; of the original presence of the two other substances 
we may assure ourselves in the following manner. The 
substance insoluble in water is treated with dilute nitric • 
acid. All the salts of protoxide of mercury, and oxide of 
silver present are thereby dissolved, whilst the chlorides 
enumerated above remain undissolved together with iodide 
of silver ; they are separated by means of ammonia, which 

at the same time allows us to detect the protochloride of 
mercury. 
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The decomposition of the sulphates of the alkaline earths* 
xxiay be effected also in the humid way by boiling them 
for some time with solution of carbonate of potash. But 
t^he fusion with the carbonate of potash and soda, yields 
£ar safer results, and leads quickly to the desired end, when 
operating upon small quantities. This method has, more- 
over, the advantage of leading to the safe detection of the 
presence of silicic acid. 

The sulphates of the alkaline earths are decomposed by 
the alkaline carbonates in such a manner as to give rise to 
the formation of carbonates of the alkaline earths and of 
sulphates of tlie alkalies. If the precipitate of the former 
be not carefully washed, previously to its solution in hy- 
drochloric acid, sulphates of the alkaline earths will again 
be formed by the action of the sulphated alkali still adher- 
ing to the precipitate ; this would render the experiment 
very unsafe at the least, since, for instance, all the barytes 
dissolved might precipitate again. 

Carbon has been connected with this third class, since 
it occurs sometimes in the course of examinations, and thus 
may become a great obstacle to the progress of the inex- 
perienced student, if not prepared for its presence. Gra- 
phites is distinguished from the other forms of carbon by 
its difficult combustion before the blow-pipe, and its non- 
combustion in a platinum spoon ; besides the iron, which 
it generally contains in admixture, indicates its presence. 

§ 128. 

The analysis of cyanogen compounds is not very easy 
in certain cases, and sometimes it is indeed extremely dim- 
cult to ascertain whether we have a cyanide before us or 
not. If, however, the phenomena which ihe substance un- 
der examination manifests, when heated to redness (§ 105, 
A, I., 2, /,) be carefully observed, and also whether upon 
boiling with hydrochloric acid any odour of hydrocyanic 
acid manifests itself, (§ 106, A, 2,) the presence or ab- 
sence of a cyanide will generally not long be doubtful. 

It must above all be borne in mind that the insoluble 
cyanogen compounds occurring in pharmacy, &c., belong 
.to two quite different classes. They are either simple cy- 
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▲MiDSSf or compoands of metals with ferrocyanogen, or 
with some other similar compound radical. 

All the simple cyanides are decomposed by boiling with 
concentrated hydrochloric acid, into metallic chlorides and 
hydrocyanic acid. Their analysis, therefore, is never diffi- 
cult The ferrocyanidesi &c., however, (to whidh the 
method given § 128 indeed exclusively refers,) undergo 
by acids such complicated decompositions that their analy- 
sis in this manner does not easily succeed. Their decom- 
position by alkalies is far more simple ; these precipitate 
the metal combined with the ferrocyanide, &c., as oxide, 
by yielding their oxygen to it, and combining in their me- 
tallic state with the compound radicals, forming soluble 
ferrocyanide of potassium, &;c. The method given at § 
128 endeavours first to effect a decomposition of this kind 
by means of carbonate or potash. If this succeeds, we 
have the advantage of obtaining the oxides as a precipitate, 
which circumstance renders their further analysis simple ; 
if it does not succeed, we must have recourse to cavstic 
POTASH. But in an excess of caustic potash, several ox- 
ides are soluble, such as oxide of lead, oxide of zinc, &c. 
If, therefore, e. g. the double ferrocyanide of zinc and po- 
tassium, be boiled with caustic potash, it will completely 
dissolve in that menstruum, were we to add an acid to 
this solution, we should re-obtain our original precipitate 
of the double ferrocyanide of zinc and potassium, and our 
experiment thus would be of no avail. To prevent this, 
we transmit sulphuretted hydrogen through the solution. 
All the heavy metals dissolved as oxides in the potash so- 
lution are thereby converted into sulphurets. • Those of 
them which are insoluble in potash, such as sulphuret of 
lead, sulphuret of zinc, &;c., precipitate, whilst those solu- 
ble in alkaline sulphurets, such as sulphuret of tin, sulphu- 
ret of antimony, occ, remain in solution, and precipitate 
only upon the addition of an acid. 

The cyanogen is always contained in the liquid filtered 
from the precipitated oxides or sulphurets, as ferrocyanide, 
&c., of potassium, (provided always the compound before 
us has a double compound of cyanogen radicals.) From 
most of them (ferrocyanide, ferricyanide, chromicyanide, 
and manganocyanide of potassium) die cyanogen partly 
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separates as hydrocyanic acid, upon boiling this solution 
i?vith sulphuric acid, and may thus be easily detected. But 
thie cobalticyanide of potassium is not decomposed by 
sulphuric acid, and this renders it difficult directly to 

?roTe the presence of cyanogen in this double compound. 
Jpon fusion with nitre, all these double compounds are 
decomposed, cobalticyanide of potassium not excepted. 
Xhey must previous to this operation be treated with an 
excess of nitric acid, and then concentrated by evaporation, 
or else explosions will ensue. Caution in this operation is 
highly aavisable. If we merely propose to detect the 
bases present in simple or double cyanides, it is in most 
cases sufficient either to heat the substance to redness for 
some time by itself, or better still, to fuse it together with 
the carbonates of potash and soda. By this process the 
metals are obtained either in their metallic state, or com- 
bined with carbon. If the compound has been fused 
together with the carbonated alkdies, we obtain in the 
dross, cyanate of potassium, if this substance has not been 
converted into cyanate of potash, owin^ to the adventitious 
presence of reducible oxides. (Vide f 100, d, 1.) 
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GKNEIIAL SCHEME FOR A JUDICIOUS ARRANGEMENT OF THE 
SUCCESSION IN WHICH SUBSTANCES OUGHT TO BE 
ANALYZED. 

It is not a malter of indifference whether ihe student, 
in analyzing for the sake of practice, follow no rule or 
order whatever ie the selection of substances to be ex- 
amined, or whether, on the contrary, his investigations and 
experiments follow a definite system. Many ways may 
lead to the desired end, but one of them invariably will 
prove the shortest. I will, therefore, here point out a sys- 
tem which experience has shown will lead safely and 
rapidly to the object in view. 

Let the student take one hundred compounds, distributed 
according to the following scheme, and the successful 
examination of these will be amply sufficient to enable 
liiro to attain the desired degree of skill in practical ana^ 
lysis. When analyzing for the sake of practice only, the 
student must above all things possess the means of verify- 
in«r the results obtained by his experiments. The com- 
pounds to be examined ought, therefore, to be mixed by a 
friend who knows their exact composition. 

A. Fr&ai 1 to 20. 

Aqueous solutions of simple salts : e* g* sulphate 
of soda, sulphate of lime, chloride of copper, &c. ; — for the 
acquisition of the method to be pursued in the analysis of 
substances soluble in water, and whicli contain but one 
base. In these investigations it is only intended to ascer- 
tain which bas^ is present in tlie fluid uuder examinationi 
1? 
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without regard to the detection of the acid ; it is not nece^* 
sary to prove that no other base is presenti besides the one 
detected. 

B. From 21 to 50. 

Salts, dec, (containing one base and one acid,) in a 
SOLID FORM, as Dowdor : e. g. carbonate of barytes, borate 
of sodai phosphate of limei arsenious acid, chloride of 
sodium, tartar, acetate of copper, sulphate of barytes, chlo- 
ride of lead, &c ; — to learn how to convert a solid sub- 
stance to a state which admits of its examination, (solution, 
or fluxing,) how to detect one metallic oxide, even though 
the substance under examination be not soluble in water, 
and how to prove the presence of one acid. Base and 
acid must be detected ; it is hot necessary to prove that 
no other constituents, dec. are present. * 

C. From 61 to 70. 

Aqueous or acid solutions of several bases; — 
to acquire the method of separating and distinguishing 
several metallic oxides. It is necessary to prove that no 
other bases are present besides those detectecu No regard 
is paid to the acids. 

I. From No. 51 to 60. To acquire the method of se- 
parating the metallic oxides into the principal groups. 
The "solutions contain, therefore, e. g. potash, lime, and 
lead ; — copper, iron, and arsenic ; — barytes, antimony, bis- 
muth, and potash, &c. 

II. From No. 61 to 70. To acquire the method of 
detecting side by side the individual bases belonging to the 
same group. The solutions contain, e. g. potash, soda, 
and ammonia ; — zinc, manganese, and nickel ; — copper, 
mercuryi and lead ; — antimony, tin, arsenic^ dec. 

D. From 71 to 80. 

Aqueous solutions containing several acids,either 
IN their free or in their combined state, e. g. sul- 
phuric acid, phosphoric acid, and boracic acid ; — carbonic 
acidf sulphuretted hydrogen) and hydrocyanic acid; tarta* 
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acid, citric acid, and malic acid ; — chlorine, iodine, and 
"bromine ; — ^nitric acid, hydrochloric acid, and oxalic acid ; — 
to acquire the method of detecting several acids contained 
in the same compowid. It is necessary to prove that no 
other acids are present besides those detected. The bases 
axe disregarded. 

E. From 81 to 100. 

Allots, minerals, and mixed substances ojr evert 
DESCRIPTION ; — for further practice, and to prove that the 
student has attained the object he had in view when enter- 
ing upon these experimental examinations. All the con- 
stituents of a substance under examination must be 
detected ; the nature of the substance must be examined. 



II. 

TABLE 

or THS 

MORE FEEaUENTLY OCCURRING FGJfMS ANj» 
COMBINATIONS OF THE SUpSTAlijCES CONSII)£RCII> Sf 

THE PRESENT WORK, 

WITH ISPBCUL KCGARD TO THE CLASSES TO WHICH THET BmMsOM0, 
▲CCOROIMG TO THEIR VARIOUS DEGREES OF SOLVBILITT 

IN WATEB, IN HTDBOCHLOmiC ACID, OR IN NITBIC AdDL 



PRELIMINARY REMARKS* 

The Tarious classes to which compound substances be- 
long according to the division specified at § 106, are ex- 
pressed by figures. Thus 1 or I means a substance solu* 
ble in water ; 2 or II a substance insoluble in water^ but 
soluble in hydrochloric acid, or nitric acid ; 3 or III a sub- 
stance insoluble both in water and acids. The Roman 
figures denote oflScinal and more frequently occurring com- 
pounds, whilst the Arabian fibres indicate less frequently 
occurring compounds. For those substances standing as it 
were, on the limits between the various classes* the figures 
of the classes in question are jointly expressed : thus 1 — 2 
signifies a substance difficultly soluble in water, but soluble 
in hydrochloric acid or nitric acid ; 1 — 3 a body difficultly 
soluble in water and the solubility of which is not increased 
by the addition of acids ; and 2 — 3 a substance insoluble 
in water and difficultly soluble in hydrochloric acid and in 
nitric acid ; wherever the relation of a substance to hydro- 



l^EEUMINART RBM4RKS. 5^1 

chloric acid is different from that to nitric acid, this is 
stated in the notes. 

The haloid salts and sulphur compounds wiSL be found 
in the columns of the protoxide and peroxide. Most of 
the salts given are neutral, the basic and acid and double 
salts are mentioned in the notes ; the small figures placed 
near the corresponding neutral or simple salts, refer to 
these. Cyanogen, chloric acid^ citric acid, malic acid, 
benzoic acid, succinic acid, and formic acid, are of more 
frequent occurrence only in combination with a few bases, 
and have, therefore, not been admitted into die table. The 
most frequently occurring combinations of these substances 
SLVG : cyanide of potassium I, ferrocyanide of p(^ssium I, 
ferricyanide of potassium I, sesqui-ferrocyanide of potas- 
sium (Prussian blue) III, ferrocyanide ot zinc and potas- 
sium II — III, chlorate of potash I, the alkaline citrates I, 
the alkaline malates I, permalate of iron I».the alkaline ben- 
soates i, the alkaline succinates I, and the alkaline for- 
miates L 
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NOTES, ^ 

1. Sulphate of potash aiKl alumina !• 
8. Bicarbonate of potash I. 

3. Binoxalate of potash L 

4. Tartarized borax I. 

5. Bitartrate of potash I. 

6. Tartrate of potash and ammonia I. 

7. Tartrate of potash and soda L 

8. Tartrate of potash and peroxide of iron I* 

9. Tartrate of antimony and potash I. 

10. Phosphate of soda and ammonia I* 

11. Bicarbonate of soda L 

12. Chloride of iron and ammonium I. 

13. Sulphate of ammonia and alumina I. 

14. Basic phosphate of lime II. 

15. Sulphuret of cobalt is easily decomposed by nitric 

acid, but very difficultly by hydrochloric acid* 
This substance i» not officinal. 
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16. The same applies to sulphuret eS nickel. 

17. The same applies to sulphuret of zinc. 

1 8. Minium is conrerted by hydrochloric acid mto chlo- 

ride of lead, by nitric acid into an oxide soluble in 
an excess of the acid and into brown peroxide of 
' lead, insoluble in nitric acid* 

19. Basic acetate of lead I. 

20. Sulphuret and bisulphufet of tin are decomposed and 

dissolved by hydrochloric acid, whilst they are 
converted into insoluble oxides by nitric acid in 
excess. Sublimed bisulphuret of tin dissolves 

y-^j^ only in aqua regia. 

sT. Basic nitrate of bismuth II. 

22. Ammoniacal oxide of copper I. 

23. Sulphuret of copper is difficultly decomposed by hy 

drochloric acid, but with facility by nitric acid« 

24. Chloride of copper and ammonium 1. 

25. Sulphate of copper and ammonia 1. 

26. Basic acetate of copper, soluble partially in water^ and 

completely in acids. 
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284 NOTES. 

27. Basic protonitrate of mercury and ammonia II. 

28. Basic chloride of mercury and anamonium U« 

29. Basic persulphate of mercury II. 

80. Sulphuret of silver soluble only in nitric acid. 

31* Sulphuret of platinum is not affected by hydrochloric 

acid ; boiling nitric acid conyerts it into a soluble 

sulphate of platinum. 

32. Chloride of platinum and potassium 1 — 3. 

33. Chloride of platinum and ammonium 1 — ^3. 

34. Chloride of gold and sodium I. 

35. Oxide of antimony soluble in hydrochloric acid, but 

not in nitric acid. 

36. Sulphuret of antimony and calcium 1 — 2. 

37. Basic chloride of antimony II. 

38. Tartrate of antimony and potash L 



D. APPLETON & CO. 
FAMILIAR LETTERS ON CHEMISTRY, 

Watiom t» idfmtmf PkTuoligy» mi is^ltm* 

8r JUSTUS USBIO, MJD. T.VUB. 
fw£Baaat of Cbenwitry io the ViUveraUy of GioMML 

XOITBD »T 

JOHN GARDNER, M.B. 

Ifember q/II^o CUezn^ca^ Societyi 

Obib BMt mikime i&no. of ISO pages. Price bound in bosMs, S5 cenif, 

or in paper ooveBB, IQ^ cento. ^ 

** The letters contaiiied in this little Tolume embrace som^ of the movt important 
points of the science of Chemistry in their application to Natur*^ Phflosophy, Physi- 
ology, Agriculture ^d Commerce. Thry were written for the especial purpose of 
ezotin^ the attention of gOTernments and an enlightened public to the necessity of 
establishing schools of Chemistry, and of promoting, by every means, tiie study of 
« science so intimately conoected .with the aits, |>iirsuits, and w^-heing of moaern 
civjh^ea nations. JPor my own part, I do not scruple to jlvow the conviction, th^t 
ere long ajuiowledge of the principal trsths of Chemistry willlw expected in every 
educated man, apd that it will |:>e necessary to the statesman atnd |Kilitical economist, 
and the practical agxicultu£iat,as it i^ already indispensable po tlus pliy^ician^d Ihe 
iDanufact,urer. 

" In Germany, sueb of these letters as have been already published haye not fail- 
ed Jo produce some of the results anticipated. New professorsliips have been ea- 
^abliaiied in the universities of Gottii^^en and Wurtzhurg, for the eJ^presii puipose 
of XacilitBjLing the application of chemical truths to th^ practical arts oif Jife, and ojf 
following up the new line of investigation and rcsearcl^the bearing of Chemistry 
Apoe Phyaiology, Medicioe, and 4gricult«];e— ivbiph m«y be ii»id to 1^ only just 
'hegwa/*—Extract from Author* » Frejace, , 

Jfew fractical Agricultural Work& 

FR0DUCT4VE FA'RhMINQj 

J^ F«in jU^ Ojigept of the leeent discovorifsf of liebif^, "Ovry, Jobnstioiit 

and other celebrated wntenof Vegetalble Ciiemistry, showing how the 

residts of tiHage mi^t be greatly augmented. By Joskfb A. Smith. 

One well printed Tolunie of 150 pages. Price in paper cofotq, 31| cents, 

or bound in cloth, 50 cento. 

** The object of the compiler of this yolame has been the simplification of the morp 
strictly scientific and technical writings of the present age. Practical farmers re- 
quire the simplest and most elementary statements. The position of the agricul- 
tural interest renders it desirable that the recent views of Professor Liebig, the 
distinguished chemist, who has effected a complete revolution in the physiology of 
vegetation, should be presented in a style free from difficulty, condensed and sepa- 
rated fcorn such portions of his work as would only bewilder ordinary readers. IIow 
far the attempt may be successful, the world must judge. The published lectures 
or the latjB Sir Humphrey Davy have been freely cited, and such portions selected, as, 
while they do not clash with later discovery, may prove a usefctl addiliofi.—jMti^r** 

THE FARMER'S MANUAL; 

A Practical Treatise on the Nature and Value of Manures, founded from 

ezperimento of various crops, with a brief account of all the most recent 

dfsooveries in AcricuHural Chemistry, by F. Fauener, and tiie author 

of ** British Husbandry.*' Price ina neat style, doUi binding, 50 cepta* 

and paper covers 31 1 cento. 

** It is the object of the present treatise to explain the nature and constitntioQ of 
nantires generally, — ^to point out the means of augmenting the quantity, and pre- 
serve the fertilizing power of farm-yard manure, — the various sources of mineral 
and other artificial manures, and the causes of th( ir frequent failNre.** 

dir The abcve two works may be had bound togeUtefy $mder ih$ 
appropriate tide of ** The FarfoerU Treasure^*^ Price in 
doth^ld cemU. 
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D. AppleUm 4* Co. have just pMishedr-^third edUum^ 

A DICTIONARY 

OF 

ARTS, MANUFACTURES^ AND MINES; 

ConUimiur a dear Ezpodtkni of tfadr Principles and Ftaetice. By Amdisw Uait 

M D., f,KB^ &0. &0. niiatnted with 1241 EnjcraYinjirs, and oantainiDip iipi. 

wards of 1900 ctowl J printed pagai. f$; orintwo yob. f5 50« 

la •TWT poteft of Ti«w • woit lika the prtwnt out bat Im ngwded m a iMnafit don* to th wUeai 

■ad pnoaoal aetesot, to eoomMroa mad iadiutiy, and mn important additioa to a speeiM of Uteiaton 

fko oxdiurito prodvetMm of tbo prMont oantorj, and the proMnt ttato of pnaoe and e^Tiliaition. Critr* 

Hums in tamnr of ita intrinric Valne to all elanet of the nomnmnity mirht be prodnoed (if space wonid 

llm^) from upwards of thvM hundred of the leadinf jovrnali in Eoiopo and dun Ooontiy. 

^ Tl^fotUmiiiritfrom^DtmoermlieRniem, 

Wo have reeeived thii oaoeUent work aam the preae of the Meian. Amiletan, at a price placinr 
It witldn the reach of the thooaaada to whom it mnat aoon taooome a book Mabaolate neoearitf. <X 
Dr. Vn*» eminent reputation aa a man of both high ocience and extensive practical experience in its 
nplioation, it ia nnnaoeaaarr to apeak. We oannot do better to fire oar readers an idea of the Talno 
or the wnrfc we deetre to auke known to them, than place befiore them the following qaotationa from 
Mm anther*8 Pre&oe : 

** I hate embodied in tUs work the leanlts of my long experience aa a Fkofeaaor of Practical Scie a eo. 
fliaee the year 1805, when I entered at an earl^ age n^on the ardnons taak of condocting die echooia 
of ehomiatry and manofaetorea in the Anderaonian Inatitation, vp to the preaent day, I have been ae- 
ridnooalT engaged in the atody and improrement of most of the ehemical, and many of the mechanical 
■rta. CVmaaltod prabaaionally by pio|«JetorB of faecoriea, woriahopa, and minea of rarioaa deecri^ 
tkna, both in thia ooontry ajad abniad, oooceming derangementa in their c^iatfona, or defecta in their 
pimiaeta ; I hate enjoyed pecniiar opportunitiee of becoming acquainted with their minnteet details 
and hate freqnentir had the good fortone to fdtUfy what waa amiaa, or to aapply what waa wantinc. 
Of the atorea of innmnation thna aoqnired, I hate atailed myself on the preaent occaaioa; caraffil» 
meanwhile, to negleot no moana of knowledge which my ezteoaiTe interooniao with foreign aatiana 
•ANda. 

** I therafbre hnmbly hope that thia wok will prota a talnable oontribation to the Utentare or 



^ ** In tkijtrtfplmet, to inetraet the IfaanfiMtmrer, MetallQigist, and Tiadeenma, in the prineiplea of 
P Choir reapectite p r oeoaees, ao aa to reader them, in reality, the maatora of their boainett ; and, t» 
aBBanei|Mto them from a state of bondage to anoh as are too commnaly gotened by biind prcjiidma 
and a ticiooa roatine. 

** SecMilf, To aflford Hferohants, Brokers, DryaaHeia, Druggists, and Oflkexs of the BotenBa,aha^ 
lacteristie deecripttoos of the oomnioditiee which pan through their hands. 

TMrHif, By ezhibicingaome of the flneat deteloimienta of Chamistiy and Fhynca, to layopaa sai 
SKoeUent practical echool to atndenta of theae kindred aeienoea. 

** FomrtUjf. To teach Capitalista, who may be deairoos of placing tiieir fhada in soma produetxr* 
hnukch of industry, to select, judiciously, among plausible daimauts. 

** Fifthly, Tb enable gentlemen of the Law to oecome well acquainted with the natuxa of thoss p** 
lent achemea which are ao apt to gite riae to litigation. 

** Sutkfy, To preaent to Legislatora such a clear expqeition of the staple manufacturea, as amy dia- 
snade them from enacting laws, which obstraot indoatiy, or cherish one Inanch of it, to the iiyaxy of 
many othera. 

** And kutfy, to |XTe the general reader, intent, chiefly, on Intellectual Cultitation, tiews of manv 
of the nobleat achievementa of Science, in effecting tboae grand transformatioiis of matter to whioa 
Great Britain and the United Statea owe their paramount wealth, rank, and power, among the natiaaa 
of the earth. 

** The latest statistics of etery important object of Manufacture ars given from the best, and, us^ 
ally ftom official authority, at the end of each article." 

** The moot complete encydopmlia of useful sdenoe dtat has ever issued from the press."— didSd 
Mtrviee Ga»ttte» 

** It not only treate of the application of chemistry to the arts and manufacturea, but it alao enters vtry 
frilly into the mechanical anangemeat of the building, the plans, and implements of a great variete' 
of trades, on which it communicates much lucid and weU-amuiged information. It is eomniled with 
great care, and besides containing the latest materiala, ia atrictlj confined to what ia uaeful, withoaS 
snperdttous detail." — Ctvtl Enginemr, 

** Dr. Vre's reputation precludes the necessity of our mying any thingin proof of the aoconi^ and 
sterling wnth «n this pvnblication. It is designed to embody the results « his long experience as a 
vrofrsaorof practical adence, and will be found to aupply a maaa of important information to snaa- 
meturera, engineers, chemists, and other numerous damee. It is drawn up in a style at once exaet 
and popular, and is ao well illuatrated aa to be level to the comprehenaion of the generality of leadeia. 
▲a a book i^referenoe it ia invaluable, and aa each must speedily find ite way into every wall mlected 
Ubraiy.** — Edeetie Reviem, 

** ▲ book much wanted. It contains a mam of information, imnoitaat to the generality ef ieadei% 
diveated of the dilBoultiea ci teohnicatity, and thepedantxy whiea generalhr mnfnaes and dsten dm 
mere eevmsn sense andoosBmoii-capaeilgr atudaat.*^3VsMff. 



D. APPLETON & CO. 

Have juit PtabluhedVoL 1, Price 75 cents. 

APPLIED CHEMISTRY; 

3n jSIannfactttrt0, ^rt0, anb SDottustk (Sconomg. 

Sdit0d by B. A. FABNEXA, 
Author of ** Elements of Chemical Analysis"; late Assistant Chemical 
Lecturer in the Medical School of St. Thomas's Hospital. Illustrated 
with numerous Wood Engravings, and Specimens of Dyed and tint- 
ed Cottons. 

The ob}ect of this work' is to present a faithfal* concise, snd yet comprehensive 
▼lew of the applications of Chemistry in the Arts and Manufactures, comprising not 
only a description of the various manufacturing processes as now practiMd, but an 
explanation of the scientific principles on which they depend. 

It too frequently happens, that those most Interested in this subject (the manu> 
facturers ttiemselves) are deterred from studying the principles of the processes 
they practise, by an idea that more time and thought are required for that purpose 
than they can command. Masters are, consequently, someUmes placed in a state 
of subjection to their ^workmen, who are themselves often the slaves of a blind 
attachment to a disadvantageous manipulation, the evils of which would be imme- 
diately suggested by applying the most obvious principles of the process. 

To obviate such diflkulty is the intention of the present work, which is addressed, 
in the first place, to the Artisan and Manufacturer ; but, being divested as far as 
possible of all technical terms, it is hoped the work will also be adapted to the re- 
quirements of the general reader. Its plan embraces an account not only of the 
Chemical Arts and Manufactures, properly so called, but likewise of such processes 
in Domestic Economy as are dependent on Chemistry, the importance of which is 
not sufllcient to raise them to the rank of distinct arts or manufactures. 

It is not intended to adopt the form of a Methodical Treatise, or that of a Dictiona- 
ry, but to give precedence to articles on such subjects as are most important, or pos- 
sess peculiar interest at the time. Each article or treatise will be complete in itself, 
so that the book will form a series of essays ; and, to allow the introduction of sev- 
eral subjects, the length of each article will not exceed, on the average, four or five 
octavo sheets. 

The accouAts of the more important manufactures will include historical sketch- 
es of their progress, with their recent statistics ; and the British modes of conduct- 
ing the various processes will, in general, be more fully treated of than those prac- 
tised on the Continent, excellent descriptions of which have already appeared in 
the English language. The editor will be assisted by several gentlemen who are, 
or have been, personally engaged in superintending the forking of the various pro- 
cesses. 

Among the subjects which will be introduced in the early numbers, are— 

Ooi lUundnaUon — Oerurtd Prmdpleg of the Arts of Dyeing and CaUeo Print • 

ing—ManufhOmt of Sulphuric Add-^ndigo-^Coffee, Tea, and 

C koc o lat o Caovtehoue, BortM, Preearvationof Tl^ood, 

jSino-^Bickromate of potath. 

The articles on Dyeing and Calico printing, and Dyeing Materials, will be ilhis- 
trated with specimens of Dyed and Printed Cottons, and those on Pigments, when 
practicable and necessary, with examples of the tints of such as are ntft commonly 
known. 

07 The work wiQ bo eontiaiMd in Monthly Nnmben, Price 13| each: 



i8 HydrauUcSf Mechanics^ SteamrEngme^ 4*^. 

HYDRAULICS AND MECHANICS. 

4 DteetfptiTt nd Hiitorioal iMototf of HTdnnlio And other MiMhiAes finr RaiiiAff Water, hidadiiif 
Um StMUiABd Fire Engiaet, anctont and modern ; with Oboemtti<tae oa ▼•rioui sabjects cwnnected 
with t%i Meehaaie Arte : incladinr the PrcMreanTe DeTriopment of the Steam Enciiie * Deachp- 
tiou or etetif vwiety of BeUowa, Pieldiii, and Rotaxy Fmape, Fire Bocineg, Water Rama, Pkesrar* 
Bofiaee, Air Mifthiiiee, EoUpilee, dbo. Remarka on Ancient Wella, Air Bade, Cog Wheels Blow- 
pipea, Bellowa of Tarioua Pecme, Nafie Gohletai Steam' Idola, and other Machinery of Ancieut Tern* 

I plea. To which are added ExMrimeuta on Blowinjr and Spoatin^ Tabee» and other original Be- I 

▼ieea, l^atvre'e OMidea and Maemnery fbr Raief ng wiOer. Ifietomial notioea reepeetiii^ ^pbou, 

Fooataina, Water Oifaaa, Clopeydne. Pipee, Vnlvea, Cocka, dbc In five hooka. Ulaatrated by 

nearly three hnadrad. Enrratid|s. By Tkokai' Ewbamx. On* handsomely pnatod rotumt or 

six hoadred pafaa. $S M 

Allbeugk tlM Mb)Mt oTtMi work may pnaiat oethiiy ■Uortaff to the irnMnI iead«r, it will be firand not'desutate of 
', to Um phitowph o r and iauUigvat BoehMiie. Th* wt oiniunf water has orer been cIomI j conaectad viih the 



of OMa la eiriliiaUon, eo muck m. indeed, Onkt Um eUta of tbie iurt amoof a people may be tafem as an iwlasof 

It f ■ 



Mr poi<tioa ea Um aeala of relaemenL It ia alee an art, wbich, from its importance, called forth tbe ingenttity of 
Id the iafcaey ef ■oBi«i y t aer io k la i p p ubeb ii tbat iterifiaaled eo— of the liiaple aaahiaea of aiechaaie powan ihoaa- 
•elfoe. 

It waa a fltToaril* nAJoet oT Nonreb with emlaOBt matfaenatleiatie aad ffirweoreef tdd, and the labour c€ their one 



in laodeni (tajib fave boea nwaided with the moot raluable omebine whieb the arte ever preaentod to man, the 
" *'"~INE, for it waa ** raietnc of water," that ezereued tbe inreauilf of Decalua and Worceeter. Ifforlaad i ' 



BTILAM KiraiNE, for it waa **raietnf of water," that ezereued tbe injreauil^ of Decalua and Worceeter, Ifforlaad and 
Fapia, lavarj and Newcomen, aniTthoee illaatnoaa men wkoee -eueeeeaTB labovn dereloped and macored that 
** eenu-onnipoceat enfine,** wbich ** diaweth up water bj Are." A naebine that baa alreadj changed and immeaanra- 
Mj impreveifthe atate of eiril McietyiUd one wnlcb, in conjunction with tbe printing Preaa,- u deatined'to renovate both 
the political aad the aMibl world. The enbjeet fa tbetefora intimately oouneeted witn tbe preeent adTaneed atmca of the 
aru; and tha amaiing pro^aaa made ia theiaduriag the laai two eeatuheaaiay be attributed in eome degree to ita calti- 



vatioa.^ 



' Thievoik of Mr. Ewbaak mtmt to be aeaMthlagaewia Me deirin, which ieiAeted with wonderful ahOity i 

It could only have been written by one, a large portion of whoae life bad been spent in aearcbinif the duaty TolttaieB of aa 
tiquity, aad who poaaeeaad beaidee aa ardent eatlnialaam fai the eauaa of aeieaee and mechanic improTemeoL We have 
not tiflM torif* anythii^ like a general aammary of ita coatenla Ittiaeee tbe biaiory of maeliiaery of all eotta from tha 
lery earltOK daarn of iu mreatjeo— exploring wftb the moot ceaaaleaa aa^nity tbe recorda of antiquity, and croon exam- 
iatmr their traditiona, enatooM, Jba. with eoaauamiata akili, iatermfaiglitagthe wiiole with the moot entertaining ■ketchea 
ef life aad charaoter aad tbe moat juat and inatmctiTo refhctiona upon the featurea ofaoeiety and ordinary lite, wliieh are 
Indieafd by the habiu thus brought to light. Tbe work ia dinded into Are booka, of wbteh the general aubjeeta are ae 
followa : L PrfmittTe aad Ancient OeTicea for JUiaing Water: S. Maebinee for Kaiaing Water by tiM Preeauia of tlm 
Atmoapbere : t. Maebinee for Raiaiag Water by Compremure independenUy of Atmoepherie influence : 4. Macliinoa for 
Raiaing Water, chiefly of Modem Origin, including early modem apcriicattoae of eteam for that purpoee : & Norel 0e« 
▼ieea Iw Raiaing Water, with an account of ayphoaa, locka, Taltroe, clopeydia, itc U ia iUuatiatod by nearly 100 ffaie en- 
gimTiiiga, and ia published in tha flneat atyle orthe typographic aru—TVitaoM.** 

** Thia ia a highly valuablo production, repleu wita novelty and interest, aad adapted to gratify eqoally the Uatortan, 
the philoeepher and tae mechanician, being the reault ef a protiaetad andextaoatve reaaareh among dm atcaaaofhiaton- 
al aad aciapiiAo literature. "—Nall»mU /nZifiiga 



HODQE ON THE STEA1VI^ENQINE« 

The Steam Engine, ita Origin and Gradual Improrement, from the time of Hero to the ]»«e«nf day. 
as adapted to Mannfiustntee, Locomotion and Navigation. Dlaetrated with for^-«ightplateein full 
detail, numeroua wpodoat^ dec by Paol R. Hodge, CJl. 1 toL folio of pktee, and letter-preas in 
8to. $10 00. 

** The letter^preee volnme fhmishee a oomprehenaiTe history of the invention and the Tariona in- 
prorements which have i>een made in the steam-engine, from the earliest period to the present time, 
together with saoh practical rules and explanations as are necessary to enable'the mechanic to dengn 
and oonstraot a machine of any required power, and of the meet improved form, for any of the nnmer- 
ous appUc^eaa of steam. For the purpoee trf rendering the refereaee from the letter-preea to the 
plates more convenient, the engraved illustrations are pnbliahed in a separate volume, in the folio 
form. Theee plates are all drawn to certain scales, and the dimensions of^ every part may be taken, 
and machines built from any of the designs. 

'* The meet recent and approved enginea of their respective Besses appear to have been aelected, 
aad, with four exceptions only, are all d American construction and arrangement. The Tolome of 
platee, aa a workof the art of drawing, fiirme one of the meet splendid specimens that has ever finllea 
nnder our obeervation. Mr. Hodge, the author of this truly practical and valuable woiV, is, it will be 
recollected, the inventor of the steam tire-engine, the utility of which, in extinguishing fixes, has been 
foUy tealad."— CoMrier ^fBaqmistr. 

LAP£veR'» MOD'BRH ARCHITECTURE. 

Beauties of Modem Architecture : eonaisting of forty-eight |dhttea of Original Designs, with Plana, 
Elevations and Sections, also a Dictionary of TechnicU Terms ; the whole forming a complete 
Manual for the Practical Builder. By M. Lafever, i^hiteot* 1 voL large 8vo. half bound. $0 00 

LAFEVER'S STAIR-CASE AND HAND-RAIL CONSTRUCTION. 

Tlie Modem Piaetioe of Stair^nise and Hand-rail Conetmetioq, praotioaUy explained, in a seiiea «ir 
** ' BvM. La£Bver,^£chitect. With Plana and Elevations far Ornamental Villaa. Fifteta 



I vol. large 8vo. $3 00. 
3!te wockaof LCbver are Fronoaaoed IotOm pnu)ti0Al laaa tQ be Om BU^ 
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